
Vol. CXXXI (131) 


1948 


( 



tlEDAGTORES 

Eitiic AsK-XJpj^AnK GOsta Becker G. BERosrARK ff. I. Bing 

IIRLSINGPOIIS UPSARA KORKNHAVN 

Bertel VON BoNsnoRFF It. EjirstrOm 'K. Faber OlavHans.^en 

IltRSINGTOUS nni.SlNGFOn8 KOIIKNIIAVN OSI O 

IIKI^INOPOKS 

jj , „ KonHNlIAVN IIKtaiNGFOltS 

SVAUT,. 

rr... - nHYKJAVlK srocKttof.M 

HANS .Jacob Ustvedt tj-t' >■ 

OSUO ^•AX/;i:A-sa.A’6.V ERIK ])ARBURG 

kOiiuniiavk 

mT' 

I.KYDUN 


r 


UTiu'ciri' 


E'D 1 T 0 11 

Holmgren 

SfOCKIIOt.M 


I:" 


IV\ \ 


t) 0 L A B O R A N T: ■ ' 




INDEX. 
Voi. cxxxr. 


Pag. 

Ole Jacob Broch (Tousberg, Norway): Premortal changes in the con- 
centration of the serum electrolytes ] 

PouL Bffeusbe (Frederiksborg, Denmark): Nephrectomy in hyperten- 
sion and unilateral renal disorder 10 

C.-A. Adamson and Gosta Hagerman (Stockholm): On the treatment 

of actinomycosis with sulpha drugs and penicillin 23 

Hans Jacob Ustvedt (Oslo): Eri’^thcma exsudativum multiforme. I 32 

A. J. M. Lohman (Weert, Holland): Jlediastinitis anterior chronica . 51 
Tage GrinstEd (Odense, Denmark): Titration of serum with mercuric 

chloride especially in liver affections 66 

Ladislaus Mosonyi und Elisabeth Oblatt (Budapest): Storungen im 

Vitaminhaushalt bei langerer Penicillinbchandlung 82 

Torben K. With (Copenhagen): Note on the pathogenesis of jaundice 93 
Holger Begtrup (Copenhagen): Correction to: Pancreatic disease 
combined with Vitamin- K-refractor}'^ hypoprothrombinemia .... 95 
Petter KIarlberg (Stockholm): The accuracy of some clinical methods 
(Autenrieth, Stufen and Sicca) of determining hemoglobin values 
— a comparison 99 

B. SiVEDBERG and G. Widstrom (Stockholm): Treatment of experi- 

mental tuberculosis in mice and guinea-pigs with para-aminosalicylic 
acid (PAS) and streptomycin 116 

Knud Brbchner-Mortensen, Hans Chr. Engb/Ek and Kai Schmith 
(C openhagen): Specific serum treatment of Pfeiffer meningitis . . . 129 
Hans Chr. Engbajk (Copenhagen): Pfeiffer meningitis, treated with 
streptomycin, sulphonamide and type-specific rabbit immune serum 116 
G. A. Gussenhoven (Voorburg, The Netherlands): Sulphasuccidine a 

cause of polyneuritis 159 

Georges De Busscher (Bruges, Belgique): L’endarterite obliterante et 

I’endophlebite en cas d’ulcere de I’estomac 161 

Inger-Louise IMarner (Copenhagen): The thymol reaction as a hver 

test • : • 

Imre Magyar and Paul Besofszki (Budapest): The effect of thiamine 
(vitamin Bj) on the utilisation of carbohydrates by the tissues . . 193 
Vagn Mortensen and Erik Warburg (Copenhagen): Chronic constric- 
tive pericarditis 203 

Hans Jacob Ustsvedt (Oslo): Erythema exudativum multiforme. II. 226 
Nils Alwall and Lembit Norviit with the collaboration of A. M. 

Steins (Lund, Sweden): On the artificial kidney. Ill 231 

Bengt Skansb (Boston, XJ. S. A.): Radioactive iodine: its use in studying 
the urinary excretion of iodine by humans in various states of thyroid 
function 251 



F. Mainzbr (Alexandria, Egypt): Tire jiellegra-electrocardiogram and 

its significance 2G9 

Rich. Amlie and Per Oedieg (Oslo): The clinical value of the anti- 
streptolysin reaction 288 

Lisa Bostroji (Stockholm): Are non-nucleated erythrocytes formed 

by budding off of cytoplasm from normoblasts? 303 

Ole Storstein (Bergen, Norway): The value, as a clinical test, of the 
titration of aneurin in the urine 395 

Harald a. Salvesee (Oslo): The effect of blcod transfusions on the 

kidney function of chronic neiihritis with anemia 337 

St J. Leiteer unter Mitarbeit von W. Thalmaee (Hciligenschwcn’di’ 
Tuberkuios^”*^^^'^'^^^”^°^^^ i^«nfelinridenblnsenrcaktion bei 

G. A. Liedebooji (Amsterdam): Hypcrglobulinemia and pre<rnancv 3 fiS 

.ppe.™;c; Site Tf 

J. Mulder and AV P n 

(Leyden, The A^etherlmids)-SimnliSd 't^'-'^^'^Tr'*^'' ' 

^ADE^ZTEMrKAandMlEOZVSL^lvl/uJUmWP^^ . . . .J3J 

and patfiological lyniphadenogrLn i Sc JiSTT ’ ^ 

StiJg.'f (o4;an.irs''„flX;v;e ■''' 

“S': of j,H„ 

Harold S. Giesberg (New YorlO- k ' { 

"‘TT' 

""<1 ®ram'’n'i,tiiSs™i "th? TiiIb.,-.’ 

'' »o;on,io, 

counting. II SUidios ' r’ ' 1 ' ' ' 

E»kNv.Saa.VAiw,„,.-o;- • ••• 1 '’''^.'•'''"■=^•10 

■ ' 



Gosta BjoKKENHKiJf (Helsingfors): On auricular fibrillation and block, 

in connection with a recent case 597 

Vincent Mutolo (Palermo, Italic); Sur la differentiation des scrums 
icteriques ncoplasiques et non neoplasiques 602 

Book review: 

Wmi. WeenstEdt (Stockliolm); M. Trainer: Lclnbucb der allgemeinen 
Kinderpsyebiatrie 90 


Index of the whole series of supplementary volumes, published 1921 
—1948 C05 


Supplementuni CCXII (212), Ilmaei Pakonen (Helsingfors): Keiter’s 
disease. 

Supplementuni CCXIII (213), Einae Meulenoeacht, in honorem. 
Supplementuni CCXIV (214), Axel Steom (Oslo); Examination into the 
diet of norwegian families during the war-years 1942 — 45. 



Acta Eedioa Scan^inavica. Tol. CXXXI, fasc. I, 194S. 

ftoB VeslfoW County Hoaptol Medical Deportmeat. 
TCQsberg (Norway). . 

(Chief Physician: Anton Jervell, M. 


Prcmortal Changes in tlie Concentration of the 
Serum Electrolytes. 

By 

OLE JACOB BROCH. 

Oslo, 

(Sabraitted for publication October P, 1947.) 


In a previous investigation respecting the regulation of the 
serum electrolytes (33roch 1945) there was found in some patients 
a striking premortal rise in chloride and total bases in the serum. 

In one particular case the total bases rose by 25 in. cq. in the 
course of one week before death. No explanation of this phenom- 
enon was given. The total bases may vary considerably in cer- 
tain pathological conditions and such variations arc due, practic- 
ally speaking, to the Na ion alone. As a rule, reduced values arc 
noted. The greatest changes are foxmd in case of renal insuffi- 
ciency, as has been shown by Salvescn in an extensive investiga- 
tion in 1928, In 7 out of 87 cases of nephritis Peters, Wakeman, 
Eisenman and Lee found values above tlic normal, in one ca.so 
nearly 200 m.eq. The importance of the Idndeys for the distribu- 
tion of electrolytes in the organism has been studied experiment- 
ally by Iversen and Hansborg, among others. After ligation of the 
ureter Atchley and Benedict found acidosis ^th increase in 
sulphates and phosphates, but no characteristic changes of the 
total bases. 

Allot has described four cases, without renal changes, with 
very high Na and Cl values in serum (total bases up to 179 in.eq./ 

1 — 'iS21Vt. ilefa med. scandinav. Yol. CXXXI. 
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Ii). T1 u66 o£ ijiicsc pHtion'ts liRdl icsioDS in l/iiB cGntrsl nervous 
system and all died relatively soon after the investigations. He 
also found increased content of urea in the blood. It is reasonable 
to suppose that these “were the same premortal changes as are 
spoken of above in the introduction. Allot mentions that chnical 
signs of dehydration -were noted, but thinks that the explanation 
perhaps is that the cerebral lesion leads to increased secretion of 
pituitrin and thereby to increased re-absorption in the tubules. 

An extensive study on the agonal acidosis was newly published 
by 3?abricius Hansen. He found the total bases as usual abnormal. 
Mostly the total bases were high and in several cases above 170 
m.eq./L. He also found high values of N. P. N. and the undeter- 
mined acids in serum. 

The increase in content of salt in the blood can be supposed 
to arise through dehydration, with loss especially of water. But in 
the states of dehydration usually met with in clinical practice 
such electrolytic changes do not occur. 

In another investigation (Broch 1946) I have studied the be- 
haviour of the electrolytes in 19 patients without affections of the 
kidneys in whom there was seen desiccation due to various causes. 
The general condition was in most of them comparatively little 
affected. They aU received adequate fluid-therapy. Only three 
of the patients showed a moderate rise in total bases (highest 
value; 162.8 m.eq./L). In the great majority the total bases were 
reduced and feU. as a rule still lower after ingestion of liquid. 
Subnormal values could be noted for up to three weeks, in spite 
of sufficient supply of salt and liquid. The serum chloride content 
depended on the disturbances of the acid-base equilibrium. 

In the present publication the premortal electrolytic changes 
have been taken up for renewed examination, especially with a 
view to the importance of dehydration. 

Particulars respecting the material investigated will be found 
in the table. It comprises 14 patients in aU, whereof 12 died in the 
hospital. Eight of the patients were suffering from vascular cere- 
bral lesions, which, except in two cases, led to death in the course 
of comparatively few days. The first four were cases of fatally 
resulting apoplexy, in aU of which there was seen a rise in the total 
bases, sometimes considerable, being most pronounced in Case 1. 
Two days after the hemorrhage the total bases here showed a 
distinct increase and on the day before death the value noted was 
184.1 m.eq./L. There was moderate acidosis. The undetermined 



„„ias (total bases - (Cl + HCO. + ft 

To Tt »:t 10 38.o .«.c<,. t,. 

afiToe mast be dao to pathological orgamc ““‘Ted a corns- 
crit value increased fi-ora 35 to 49 and there was noted a corics 

ponding rise in hemoglobin and erj^throcytes. At the ' 

there was also seen a rise in N. P. N. Correspondmg conditions 
were found in the other cases. In Case 3 the total bases rose b) 
25.5 m.eq., while Cl and HCO 3 increased by only 12.1 m.eq. Ihcrc 
was considerable dehydration and the N. P. N. rncrcasod thrcc- 

These changes were noted in all cases of fatal apoplex} . The 
changes may come on rapidly, after no more than twcut\-fmr 
hours {Case 4). A case of traumatic intracranial hemorrhage (No. 
8 ), with death within the first twenty-four hours, showed,fhow- 
ever, normal electrolytic conditions. In the patients wlio survived 
the injury the phenomenon was not noted at all, or at most 
merely a suggestion thereof. One of them (No. G) was comatose 
for less than one day, Tlic other (No. 7) had paresis of the gullet, 
but no impairment of consciousness. She consumed very little 
during the first time and the total bases lay slightlj’ above the 
normal. By degrees there came a distinct reduction, according 
as' she was supplied with liquids. The examinations .seemed to 
show a slight degree of hcmoconcentrntion. Tlie material does not 
comprise many different causes of death, but the same electrolytic 
changes with considerable acidosis were also found in marliod 
degree in a case of acute psychosis (No, 9). The patient was very 
restless, took no nourishment and was considerably dehydrated. 
These changes feptesent at any rate no decided prcmortal ])licnom- 
enon. In three patients wth protracted caclicxia and extensive 
edema (Nos. 12, 13 and 14) the total bases were rather found to 
be somewhat reduced. None of these patients showed signs of 
dehydration and the N, P. N. values were practically normal. 
No. 10 had cardiac infarction and died rather suddenly in circula- 
tory collapse, with normal total bases and N. P. N. and without 
signs of dehydration immediately before death. The last patient’ 
Wo 11 who had bronchopneumonia, was examined t.lirec days 
teforetoh. It must be deemed probable that the same cliangls 

base-binding o.tfrernoly uucorlnin, ns <lio 

titative variations in tho proteins (Brocb mdopondent of qnnn. 
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would have been found in this case, if the analyses had been re- 
peated at a later point of time. 

Discussion. 

It can hardly be doubted that the necessary requirement for the 
production of these premortal electrolytic changes is a consider- 
able degree of dehydration, leading at the same time to azotemia 
and pathological acids in the blood. The supply of liquids was 
minimal and the diuresis was impossible to measure. It is under- 
standable that these changes will be most pronounced in case 
of apoplexy, where the patients are lying unconscious and receive 
no nourishment and where parenteral administration of liquids 
is usually omitted in view of the hopeless prognosis. 

The cause must be supposed to be a selective loss of water, to- 
gether Avith some retention of salt. Judging from the hemocon- 
centration the loss of Avater is percentually far greater than the 
increase in the total bases. The patients have been highly febrile 
and the insensible loss of AA'ater has certainly been considerable. 
Some have perspired Amry profusely and the sweat contained 
relatively little salt. One patient (No. 5) Avas given one litre of 
a 2.6 per cent sodium bicarbonate solution intravenously in two 
days. He got a cerebral thrombosis, becanre soporoxis and on the 
next day comatose. He died after four days. The conditions for 
an increase of the total bases, such as was seen in the first patients, 
shoxild here be supposed to exist. In spite of intravenous injection 
of about 620 m.eq. of Na in the forni of bicarbonate, which about 
corresponds to the Avhole content of Na in the blood, there came 
in this case a reduction of the serum Na. Neither was there any 
hemoconcentration, which probably explains why no premortal 
rise in the total bases occiured in this case. 

The great degree of dehydration and the impaired Aotality 
must be supposed probably through reduced filtration, to put the 
kidney partly out of action. The retention of urea and patho- 
logical acids may also be said to point in that direction. Perhaps 
there may be ah increased reabsorption of Na through the tubules. 

No increase of electrolytes Avas noted in patients Avith edema 
(Nos. 12, 13, 14). It is reasonable to suppose that the abundant 
supply of extracellular fluid serves as a depot which stands at 
disposal and prevents dehydration and reduction of the blood 
volume. 
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mat these changes are in general not seen ” 
reversible clinical dehydration must be supposed to be due 
renal function not being sufficiently impaired. 


Case Histories. 

1. Jr. No. 4919. Woman aged 73. Hjiiertcnsion ivithout carclmc in- 
sufficiency. -Vio 1946: Apoplexy Avitli left-sided hemiplegia. 

same day. B. P. about 255/140, frequent fibrillation arrhytiimia. I nrtl} 
comatose. Liquid pet os; =7io‘- IbO cc, =-/,(,■. 300 c^c, -/jo'. -oO cc, /jo- .. 
cc, =Vio: 50 cc. Last two days high fever. Died -'jit,. 

2. Jr. No. 5102. Woman aged 63. For many years hypertension with 
slight cardiac insufficiency. 1910, 4 p. m. .apoplexy with left-.MUcd 
hemiplegia. Admitted same day. Since then mostly comatose. Very 
scanty ingestion of liquids, ^u: 1000 cc saline intravenously, as well as 
1000 cc subuctaneousl}-. Died a few lionrs later. 

3. Jr. No. 5471. Woman aged 74. For many yeans i^rheiimatiAm'' in 
knees and wrists. oWeak licart). *Vti 1916: Apoplexy with sudden un- 
consciousness, Admitted same day. Was soporou.s, aphn.«ia. B. 
160/95, fibrillation arrhythmia, "jn: Just barely reads when .spoken to. 
Urine passed in bed all the time. Ingo.stion of liquids about 600 — 900 
cc daily, “/u: 1500 cc saline intravenously. Died same day in high fever. 

4. Jr. No, 5857. Man aged 86. Fibrillation arrliythmia for ninny year.s. 
In last weeks dyspnea on exertion. Admitted ^'/is 1916. Fibrillation 
arrhythmia with frustraneons contractions. Moderate edema. Conge.stion 
of lungs. Was given digitalis and mercury diuretic.s, **'/,; 1916: Hgb, 
88 %. Erythrocytes: 1,-is raiil./cc. ’/i 1917: Apoplexy with rigid -.sided 
hemiplegia. Very scanty ingestion of liquids. Eiso of temp, to 11° C, 
Died ®/i 1917. 

5. *^ Jr. No. 12766. Man aged 67. Many years of insulin treatment for 
diabetes mellifcus. Admitted -Yj 1917 for gangrene of right foot. 
Amputation of leg from middle of thigh. Since then phlegmon with 
constant secretion from amputation stump. Subfebrilc and gradunlh* 
cachectic. Fibrillation arrhythmia with moder.ato cardiac disturbance. 
^js. Increasingly soporous, with aphasia and .sIo^v' cerebration, ‘\ssinncd 
t^ombosis cerebri. Temperature rose to 11° C. and lie became' com- 
pletely comato.se. In the last couple of days almost no ingest ion of 

day!%n % 

6. Jr. No, 5269. Man aged 68. For mnnv venrs hypertension without. 

artombo2''S't“^^ ''r regarded 

‘ From Riicshospita], Med. Dopl. IJ. Chief; p^f. H. A. .‘^nlvesea, M. D. 
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Case 

Date 

Total 

bases 

Cl. 

HCO, 

Total 

protein 


Glo- 

bulin 


Hgb. 

1 

•-V.0 

1G5.0 

107 

21 

7.38 

4.30 

1.40 

G3.4 

90 



1G5.0 

100 

21 

7.38 



G6.4 



2>/ 

/lO 

177.7 

99 

21.5 

7.18 



100.2 

no 


/lO 

184.1 

107.5 

18.9 

S.OG 

4.2C 

3.80 

147.1 

133 

2 

’V.o 

1G5.2 

79.5 

20.G 

9.58 

5.09 

3.89 

74.2 

124 


Vu 

1G5.-1 

90.5 

22.3 

8.90 

5.24 

3.00 

78.1 

133 


11.30 a. ni. 










Vn 

171.1 

103 

21.3 





130 


7.1.’i p.m. 










i ) 

III 

1C9.3 



7.51 

4.21 

3.31 

134.1 

128 

3 

“Vu 

155 

95 

24 

7.40 

4.2G 

3.14 

41.7 

88 


Vit 

1S0..1 

105 

2G.1 

8.G0 

4.07 

4.53 

134.5 

119 

4 

V. 

1S2.(; 

8G 

24.9 

9.12 

4.89 

4.23 

54.7 

120 

5 

V. 



15.G 





78 


V, 

155.3 

8G 






77 


V. 

149 

87 

31.8 




84^ 

80 

6 

"In 

157 

93 

2G.G 

7.05 




104 


■Vu 

152,1 

83.5 

2G.G 

G.93 




lOG 

7 

“/u 

1G0.7 

89 

27.4 

7.29 

3.74 

3.55 

43.8 

70 


”/u 

IGO.7 

103 

29.2 

G.99 

3.07 


43.4 

70 


Vi- 

154.3 

85.3 

32.1 

G.Sl 

3.70 

3.05 

31.2 

77 


■V.; 

148.7 

81 

38.5 

5.71 

3.08 

1.10 

45.0 

G5 

8 

=v» 

153.5 

90 

28.7 

7.50 

3.00 

3.90 

33.4 

122 

9 









124 


=A 

187.2 

lOG 

8.3 

S.OO 

5.80 

2.20 

155 

122 

10 

•-Vu 

154.8 

88.9 

30.4 

G.Go 

3.19 

3.47 

32.1 

93 

11 

■V, 

159.0 

82 

27.9 

7.11 

5.18 

1.03 

51.2 

88 

12 

■Vio 

14G.3 

88 

27.4 

5.72 

2.02 

3.70 

44.7 

75 


■-Vi« 

14G.0 

90 

2G.C 

5.75 

2.43 

3.32 

43 

60 

13 

*VTf> 

156.8 

89 

26.G 

G.02 

4.17 

1.85 

35. G 

109 


■Vu 

151 

83.5 

2G.C 

5.04 

3.72 

1.94 

45.0 

99 

14 

Vu 

145.0 

92.5 

25.7 

5.27 

2.91 

j 2.30 

32.0 

1 G5 

1 


’ urea. 

7. Jr. No. 5429. Woman aged 75. Hypertension for several years, 
’/ii 1946: Increasing difficulty in sw'allovring. Neverisli. Admitted Vu* 
B. P. 200/90. Slight edema. Considerable paresis of gullet, with diffi- 
culty in taking food (regarded as bulbar paralysis due to hemorrhage). 
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8. Jr. No. 54:80. Woman aged 59. Since autnmn 1945 increasing 
cardiac insufficiency. During stay in hospital in Jan. 1946 B. P. 170/135. 
Flutter. Enlarged heart, with considerable insufficiency. Again admitted 
“Vu 19^6. Fell in bath, with injury to head, and became comatose with 
gradually appearing signs of left-sided hemiplegia. Considerable rest- 
lessness. Died in the evening of same day. 

9. Jr. No. 5922. Woman aged 66. In last six weeks had hallucinations 

and was sometimes restless. Admitted Psychotic, somewhat 
restless, thin. Eefused food during stay in hospital. Was tube-fed,but 
vomited most of the food supplied. 500 cc of saline solution -f 500 cc 

of 5 % glucose intravenously. ®Yis- 1000 cc saline solution -f 500 cc 
glucose intravenously. In last few days considerable dehydration. Had 
rather profuse hemorrhage per anum. Died 1947. Autopsy; No 
pathological features of importance. 

10. Jr No. 5431. Woman aged 80. Three weeks before admission 
rather suddenly showed signs of cardiac insufficiency, with some pre- 
cordial pains. Admitted 1946. Extensive edema. B. P. 195/95. 
Enlarged heart. Electrocardiogram: left preponderance, no certain 
signs of previous infarction, but yet it was assumed that she had a 
cardiac infarction. Sudden collapse and death. 

11. Jr. No. 266. AYoman aged 71. For 20 years troubled by asthmatic 
bronchitis. Has previously been in hospital on that account. Since 
January several attacks of asthma. Almost unconscious for a couple 
of days. On day before admission showed symptoms of pneumonia. 
Was very ill and became comatose in the course of the day. Some 
improvement. Fever with temp, up to 40° C. Treated with penicillin. 
Diagnosis: Bronchopneumonia. Seemed somewhat dehydrated. In- 
gestion of liquids per os, 1^90 cc, ^®/i; 900 cc, ^’'/i" 500 cc, ^®/,; 250 
cc. On ^®/i she was also given 1000 cc of 5 % glucose intravenously. 
Died 

12. Jr. No. 4579. Man aged 62. Prom beginning of 1946 general 
glandular swellings. Biopsy showed Ijunphosarcoma. Several times in 
hospital. Gradually increasing cachexia. Last admission ®®/o 1946. 
Had infiltration in both lungs and in mediastinal glands. Ascites and 
severe edema of the lower extremities and pronounced venous stasis. 
Had had several scries of X-ray treatment. Died in cachectic state. 

13. Jr. No. 4896. Man aged 52. Increasing cardiac insufficiency from 
autumn 1945. Angina pectoris. Considerable d 5 ’’spepsia for a long 
time. Gastric ulcer. Last admission ^®/io 1946. Had severe cardiac 
insufficiency with Cheyne-Stokes respiration. Extensive edema. Died 
"“/u- Autopsy revealed a penetrating gastric ulcer. Heart considera.bly 
enlarged, witji marked coronary sclerosis and signs of an old infarction. 

14. Jr. No. 5622. Woman aged 47. Since August 1946, abdominal 
pains, emaciation and increasing cachexia. Admitted “®/ii 1946. Had 
palpable tumours in epigastrium and fossa Douglasi. Considerable 
ascites and edema. Virchow’s gland. Was treated with rnercury- 
diuretics. Liquids per os from '•/iz till"/i»: 400 — 900 cc. Afebrile. Died 
®/, 1947 in cachectic state. Autopsy revealed cancer ovarii with diffused 
metastases. 
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Summary. 

In several patients there was noted shortly before death a 
considerable increase of the total bases in serum, up to ISI m. 
eq./L. The content of chloride was practically normal. Together 
with this rise there was constantly found considerable hemocon- 
centration and an increase of N. P. N., as well as pathological 
acids in the serum. 

The phenomenon was noted especially in patients dying of apo- 
. plexy, but also in one who died from a different cause. In fatal 
illnesses attended by considerable edema the total bases were 
normal or reduced and neither was there any hemoconcentration 
or increase of N. P. N. Probably because the large supply of extra- 
cellular fluid prevents dehydration. 

It is supposed that the cause of these changes is dehydration 
with selective loss of water. In such patients, usually highly fe- 
brile, the insensible loss of water will be considerable and paren- 
teral administration of liquid is in most cases omitted. One patient, 
in whom these electroljdic changes might have been expected, 
was given copious injections of liquid containing sodium bicar- 
bonate. There was found no dehydration and hlcewise no increase 
of the total bases, in spite of copious administration of Na. On 
account of the dehydration the renal filtration probably becomes 
very much reduced so that the functioning of the kidneys as 
apparatus for regulation of the electrolytes becomes greatly 
restricted. 

Methods. The total bases have been determined electrolyticaUy 
by means of Herman Nielsen’s apparatus. Chloride and aUcali- 
reserve by Van Slyke’s and the serum proteins by Hovre’s method. 
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Neplirectoiiiy in Hypertension and Unilateral 
Renal Disorder. 

A Survey and two Cases; one resulting in decreasing 
Blood-pressure but persisting Tendency to 
Angiospastic Encepbalopatby. 

By 

POUL EPFERS0E. 
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In his classical experiments Goldblatt (15) has shown that a 
transient hypertension can be produced in dogs by placing a 
clamp on one renal artery. Later, a permanent hypertension has 
been successfully produced in other species of animals by inter- 
fering only with the passage of blood through one kidney. Ex- 
perience from the human clinical work seems to indicate that also 
human beings suffering from a unilateral renal disorder may 
develop a hypertension of renal causation. Hayward (19) per- 
formed nephropexy in a patient suffering from nephroptosis. 
Before the operation the blood-pressure was 140/75 mm Hg, 
but about one month afterwards the patient had symptoms of 
hjT?ertension and a systobc blood-pressure of 180 to 210 mm Hg, 
the diastolic pressure being 100 to 110 mm Hg. Six months after 
the first operation the kidney previoulsy operated on was removed 
with an excellent subjective result and a fall of the blood-pressure 
to 120/58, )>which it has not exceeded since them). Nothing is stated 
about the duration of the postoperative period of observation. At 
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the second operation the vessels in the stallc of the kidney were 
found to he enveloped in dense fibrous tissue. Tins example thus 
shows that a unilateral renal disorder of vascular causation m 

man may give rise to hypertension. i u 'fi 

The pathogenesis of renal hypertension has been dealt vuth 
in detail by Scandina^dan authors, among others by Ask- 
Upmatk (1), Bing (3. 4, 5), Enler {12, 13), HUden (20) and 

Holfcen (22). , ^ , n .1 

The present view is briefly that when the blood-supply of the 

kidney is interfered with, there will be released from the cortex 
a substance (renin) of an enzjnnatic nature which, by its action 
on one of the normal globulins of the blood (hypcrtcnsinogen == 
renin activator = pre-angiotonin), forms a substance (hyper- 
tensin = angiotonin) which causes an increase of the blood- 
pressure ma a universal contraction of the arterioles. This will 
also be brought about in the other, perhaps unaffected, kidney 
and may perhaps cause the release of pressor substance from this 
kidney too. 

It has been shown by Halpert & Grollraan (17) that in case of 
experimental hypertension of long duration pathologic changes 
occur in the arterioles of the kidney in the form of liyalinization 
and sclerosis. This alone was able to keep up the release of pres- 
sor substance, also after the factor originally starting the release 
had been eliminated, possibly by nephrectomy. 

In 1937 Butler (8) was the first to report two cases of unilateral 
chronic pyelonephritis with h^’pertension that were cured by 
means of nephrectomy. Since then some two hundred cases of 
nephrectomy in patients with hypertension and unilateral renal 
disorder have been reported. In some cases a dramatic and lasting 
recovery has been seen but, on the whole, the results arc not 
encouraging, wliich has caused a few authors, such as Crabtree & 
Chaset (10) and Briedman, Moschkowitz & Marrus (l-f), to 
adopt the view that only the renal disorder in itself, and not a 
possible hypertension, may indicate nephrectomy. The reiiorts 
are many and diverse in character because no author has more 
than a few cases of his own to report. The existing literature con- 

!v“v o»r ‘'y have been better clncidated 

every case m rvhel, nephrectomy has been attempted mast bo 
pablished, irrespective of tbe result 
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(1) How Often are Hypertension and Unilateral Renal 
Disorder Present in the Same Patient? 

TMs question is of importance when we consider whether it is 
reasonable to submit all patients Avith hypertension of unknoAvn 
causation to the cumbrous and expensive examinations required to 
reveal a possible renal etiology of the hypertension. In answering 
the question we may choose either to examine how many patients 
with unilateral renal disorder have hypertension, or to examine 
how frequently unilateral renal disorder occurs in patients with 
hypertension. 

The latter procedure was chosen by Braasch (6) who found 
about 100 cases of unilateral renal disorder among 4,000 patients 
with hypertension, i. e. a few per cent. Somewhat higher figures 
were found by Ratliff, Nesbit, Plumb & Bohne (31) who found 
113 cases of unilateral renal disorder among 2,056 patients with 
hypertension. 

The frequency of unilateral renal disorders giving rise to hyper- 
tension has been examined, among others, by Braasch, Walters & 
Hammer (7) who examined two groups of about 1,000 patients, 
one group comprising patients with surgical renal disorders and 
the other group patients without such disorders, and found the 
frequency of hypertension to be higher in the group with surgical 
renal disorders than in the group with no such disorders. When 
comparing the two groups the authors considered the normal 
increase of the frequency of hypertension with advancing age. 

In 5,000 autopsies Oppenheimer, Klemperer & Moschkowitz 
(26) found a total frequency of hypertension of 24 per cent., 
whilst in the 97 cases in which a unilateral renal disorder was found 
at the post-mortem examination the frequency of hypertension 
was 40 per cent. 

In 150 patients suffering from unilateral renal disorder Crab- 
tree & Chaset (10), on the other hand, found a hypertension 
frequency (14 out of the 150) that was a little less than the one 
found in a material of controls rvith the same age incidence. 

Apart from the last-mentioned work, the literature, however, 
seems to establish that there is a connection between hypertension 
and unilateral renal disorder in man, but this combination is 
present only in a very small number of cases of hypertension, 
probably only in a few per cent. 
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(3) Results of Treatment with Nephrectomy. 

The dniation of the postoperative observation varies mndi in 
the pablished cases. This is of decisive importance, as a fall ot the 
blood-pxessuxe that is only txansient is fiequently seen immediate^ 
after the operation and, as the relapse may occur so late as up to 
a couple of years after the nephrectomy, several authors justly 
require a time of ohservatiou of 1 or 2 years. The transient fall 
of the blood-pressure may presumably be associated Avith the 
quiet regimen to which the patient is submitted in connection aa ith 
the operation. I'oliiii & Flaxman (35) thus found a subjcctne 
improvement and falhng blood-pressure in hypertonics aa'Iio Aserc 
submitted also to extrarenal operations, such as hysterectomy 
and cholecystectomy. Eatliff & Conger (30) adopt the somcAvhat 
doubtful vicAv tliat they consider the patients improved if their 
blood-pressures remain constant for a long time after the opera- 
tion and do not exceed the preoperative level, maintaining that, 
normally, a hypertension Avill progress. 

In 1944 Sensenbach (33) collected from the American litera- 
ture 75 cases of nephrectomy to rcHeAm hjq>ertensioii. 7 per cent. 
(5) had a normal blood-pressure after a period of obserA'ation of 2 
years; 25 per cent. (19) had a normal blood-pressure AA'ith a period 
of ohserAvation from a feAA' u'eolcs up to nearly 2 years; 31 per cent, 
(23) had a decreased but not normal blood-pressure. In 37 per cent. 
(28) there Avas no fall in the blood-pressure. This means that if 
none of the 19 patients ndiose period of observation AA-as too short 
pt a relapse, Ave may reckon vrith one-third recovered, one-third 
improved and one-third in A\’hom the condition is unchanged or 
^SS^^Yated, In one out of his oaa’u 4 cases the effect Avas good 
(period of obserA^ation: SYs years), , Similar results aa'cic obtained 
by Eatliff, Nesbit, Plumb & Bohne (31) and by Eatliff & Conger 
(30). On the other hand, Priedman, MoschkoAvitz & lilarrus (U) 

found a distinct fall in the blood-pressure in tAA’o only out of 29 
patients. 


In the Scandinavian literature a few cases of nephrectomy, 
several of t^ni Avith good results, haA^e been reported by Dc- 

■’ (22), Kirstein (23), Laimc 

(24), Movin, Soeborg Ohlseu & Milholt Pedersen (25), Eaascliou 
(29) and Storm Mathisen (34). As each of these authors has a 
couple of eases at the utmost and as there is a general ZdZy 
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only to publish case records with good results, the unsuccessful 
cases being left out, the formation of an estimate of the total 
result based on this series of single cases would result in a wrong 
picture. The same applies to a certain degree to Sensenbach’s 
material, but his figures fall in well with the fact that Patton, 
Page & Ogden (28) in experiments on rats, in which hypertension 
had been produced by means of a ligature round the renal artery, 
found that 20 to 30 per cent, recovered after nephrectomy. 


(3) Indications. 

The last-mentioned authors have shown that the duration, 
and not the degree, of the hypertension in rats played a part in 
the result of the nephrectomy. The best effect was obtained when 
the duration was less than 10 weeks. In a calculation at a some- 
what rough estimate, the justification of which is, to say no worse, 
debatable, the said authors consider this to correspond to 6 years 
in human beings. 

Schroeder & Fish (32) establish the following indications: 

(A) The hypertension must be recent (estimated at less than 
2 years). 

Cases with recovery have, however, been seen after hyper- 
tension of far longer standing; Raaschou (29) thus has a case with 
preceding symptoms of hypertension for at least 12 years. 

(B) The disorder must be localized to one kidney and must have 
caused its jimctio7i to decrease. 

(0) The total function of both kidneys must be within nor^nal 
limits. 

The requirement that the remaining Iddney must be entirely 
unaffected seems justifiable as a universal rule, but cases may 
occur (Dedichen (11)) in which the patient is far less disabled 
with one affected but adequately functioning kidney than with 
two kidneys and considerable symptoms of hypertension. Under 
practical conditions it is extremely difficult to make sure that the 
remaining kidney is unaffected. And especially as far as cases of 
pyelonephritis are concerned, this difficulty may presumably 
cause the nephrectomy to be ineffective. But it seems to be un- 
reasonable to require a decreased function of the kidney that is 
to be removed. Hypertension is so serious a disease that we must 
be ready to sacrifice a kidney with a normal output of urine if 
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it is iiypertensmogemc. Moreover many climcians ^peri- 

enced that it is no use removing a functionless ki(toe>. Tins In 
been finely demonstrated in experiments by Patton, Page & Og^len 
(28) who, in the experiments on rats mentioned above, only found 
the nephrectomy to be effective in case of total occlusion of the 
renal artery if the inferior pole of the Iddney was still functioning 
because it was supplied with blood from the vessels of the ureter. 

(D) Retinitis is a contraindication and the retinal changes must 
be minimal. 

A marked retinitis is, however, not always a contraindication, 
as hemorrhages and cotton-wool-like exudates may be seen as 
transitory phenomena (Goldring & Chasis (16)). Castlcnian & 
Smithwick (9) have moreover shown by means of kidney biojisies 
on human beings that there is a close parallelism between the 
changes in the renal vessels and the retinal changes, whiclv can thus 
be taken as a measure of the vascular changes in the entire organ- 
ism. 

(E) The hypertension must he permanent. 

Schroeder & Fish do not, on the otlier hand, mention that it 
is of importance when deciding on indications that not all uni- 
lateral renal disorders possibly may give rise to liypertonsion. It 
is true that Friedman, Moschkowitz & Marrus (14) could not 
find any connection between the nature of the renal disorder and 
the frequency of hypertension, but Braasch (6) believes that 
calculi and hydro-nephrosis cannot per se make a Icidney Inqier- 
tensinogenic, but that a secondary ^vascular imbalance)) is re- 
quired. In hydronephrosis he finds no relation between the fre- 
quency of hypertension and the size of the pehns, which he con- 
siders as a measure of ))back pressure)). Braasch, Walters & Ham- 
mer (7) more frequently found lijqiertension in patients with 
atrophic pyelonephritis than in patients udth other renal dis- 
orders. 46 per cent, of the former were suffering from liypertcn- 
smn as compared to 18 per cent, of the whole material of 315 pa- 
tients with surgical renal disorders. In patients with urolithiasis 
^eie were 22.5 per cent, with hypertension in case of accompanyiim 
mamfest infection, whilst hypertension was present in 5.7 per cent" 

S Moreover, tl.cy found 

that the frequency of hypertension in patients vitli atronlnc 

rneZttmro “h "'f 

pyelonephritis tin in the 
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A good result of ncplircctomy sliould tlius cliiefly be expected 
in the cases in wliich the patient has a unilateral infection in the 
urinary tract, whereas the effect on the hypertension will presum- 
ably be doubtful in ease of uncomplicated urolithiasis or hydro- 
nephrosis. 

iMoroover, the patients operated on should chiefly be those who 
are below 00 year.s of age; for with advancing age the chances 
arc greater that the patient is suffering from a hypertension that 
is not due to the unilateral renal disorder, Tlic comparatively 
greatest number of good resnlt-s i.s also scon in children and young 
people. 

It would he of decisive importance if we could find a u.soful 
motiiod of ascertaining whether a kidney is liypcrtcnsinogenic. 
It is still uncertain whether unilateral clearance determinations 
can solve the problem. 

Wri/cr\<! eases: 

In tlic course of the years lOi.l — IG the i\Icdical Department 
of the Frcdcrikshorg County Hospital at Ilillcrod has had three 
patients suffering from unilateral renal disorder and hypertension. 
One patient was Gl year.s and moreover unfit for operation owing 
to heart disease, for wiiich reason his ca.«e will not be reported. 

Patient 2vo. I (Med, Dept. 1025/15; Siirg. Dept. 121G/-15). A man, 
aged 39 year.s, was admitted on July 21st 1915 to the Medical De- 
partment for licat stroke? Vertigo. Failing memory. The day before 
lie had complained of headache, giddinc.ss and failing memory. As he 
became confused next day, he was admitted. On arrival to the hospital 
. his complaints wore as .stated above. His consciousness was highly 
blurred, he was almost soporose, gave uncertain answers, was slug- 
gish as to course of thinking and movements and was unable to re- 
member wlierc he lived or worked. Ho stated that he had always been 
in good health previously and he denied in particular that he should 
have had similar attacks prcviou.sly, which was confirmed by his rel- 
atives. 

Apart from incronsod blood-pre.ssurc (see Figure), nothing abnorninl 
was found on objective c.xaminntion. 

Laboratory examivations: Hemoglobin percentage: 100 — 105 (Sicca); 
erythrocytes: 4. as to 5.2s mill, per emm; loukocjdcs: 5,760 per emm; 
.sedimentation rate (Westergren); 3 to 5 mm in one liour; blood urea: 
20 to 34 mg% (van Slyke); urine: Normal (e.spccially no protcimiria. 
Microscopic examination of passed urine and of catheter urine, and 
cultivation from the latter showed normal conditions. In one sediment 
count (Addis) 13.s mill, crytlirocytcs were found, and no cylinders. 
Addis concentration test: Specific gravity: l.oao. Urea clearance; 
45 per cent, of 54 ml (standard clearance). "Wassermnnn’s reaction in 
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Case 1. Blood pressure. 


blood and spinal fluid, electrocardiagrnm, X-raying of heart and lung-s 

and spinal fluid: Normal. , v - ■> r. i 

Examination by oculist (H. Skydsgaard, M. D.) o days after ad- 
mission: In a few parts t}T>ical compression phenomena arc .seen at 
the points of crossing of the vessels;^ otherwise normal conditions. 
Diagnosis: Hypertensio a. centralis retinae. _ _ 

Examination by neurologist (H. Lind, M. D.) 9 days after ndmis.sion: 
No focal symptoms. 

X-ra}dng of urinary tracts showed an oval calcium shado^^^ 2 cm 
long, in the left kidney. After injection of liippodin no excretion from 
the left kidney; otherwise normal conditions. 

Cystoscopy (Surg. Dept.): When in.scrtcd for 25 cm in the left ureter, 
the catheter is stopped by a soft obstruction, and no urine appear.s. 
No contrast medium could be injected in direct pyelography. Otherwise 
normal conditions. 

During his stay in the department the patient became clear but had 
persisting headaches of var 3 'ing intensity. In the hope that his hyper- 
tension might be due to the unilateral renal disorder he was tran.sferrcd 
to the Surgical Department for operation. 

On Aug. 15th 1945 the patient %ya$ operated on by the senior surgeon 
Dr. Aaberg, and, as the Iddncy was found to be pyoncphrotic, it was 
removed. The operation and the postoperative course were uncomiilica- 
ted. 

Histologic examination of the kuhej/; 

I 2 V 2 X VI, X 3 cm. At the junction between the pelvis and the 
ureter a rather firmly fixed concrement, measuring 2 X 1 X “/i cm 
IB found. The pelvis is highly dilated; the wall is pale, thickened and 
displays inflammatory infiltration with diffuse hemorrhage. Tlic paren- 

2 — 482J74. Acta mcd. scandinav. VoL CXXXl. 
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chyma is narrowed, in particular the pyramids. Towards the surface 
groups of small abscesses are present. ’ 

Scattered throughout the renal tissue there are areas with accumula- 
tion of leukocytes, round-cell infiltration and strong hemorrhage, also 
some hyalinization of the glomeruli. No connective tissue proliferation. 
There is slight dilatation of the capsules of the glomeruli and of the 
tubuli. 

There is a moderate proliferation of the intima of the medium-sized 
vascular branches, where the latter are situated near the inflammatory 
foci. 

No signs of tuberculosis or of the formation of any malignant tumour. 
Diagnoses; 

Nephrolithiasis. 

Hydronephrosis med. -mag.gr. 

Nephritis suhacuta-suhchr. dispcrs. heniorrhagica-pundenta mag. gr. 
{pyelonephritis-type). 

Pyelitis subchr. hemorrhagica med.-mag.gr. 

On Aug. 25th 1945 the patient was transferred again to the Medical 
Department. He was imw feeling well; there were no headaches or 
giddiness. On objective examination he seemed to be more clear and less 
sluggish. 

Examinations: Blood-pressure (see the figure). Ordinary examina- 
tion of urine, microscopic examination of urine, and blood-urea showed 
normal conditions. Concentration test; Specific gravity 1.024. Maximum 
urea clearance: 60 per cent, of 75 ml. 

Examination by oculist 17 days after the operation: The right papilla 
protruding by two diopters; it is distinctly streaked. Below the papilla 
a streaked hemorrhage is observed in the retinal layer of nerve fibres. 
The veins are somewhat bulging, but not unquestionably choked; 
the macular vessels slightly twisted. There is a marked compression 
of the veins at the points of crossing. No exudates. The left papilla is 
like the right one. The veins slightly choked, the vessels otherwise as 
in the right eye. No exudates. 

Oedema papillae nervi optici o. u. Retinopatia hyperlensiva. Ohs. 

(V. Clemmesen,) 

The patient was first admitted for control 4 months after, and, for 
the second time, 1 year and 4 months after the operation. He had 
begun working again and had no headaches or approaches at angio- 
.spastic encephalopathy. 

One year and ten months after the nephrectomy the patient was 
re-admitted because, after giddiness and headache for a feW days, 
he had fainted while working. He was at once taken by ambulance 
to the hospital! On his arrival here the patient was quite clear. His 
blood-pressure was 170 mm Hg systolic and 115 mg Hg diastolic and 
during the days that followed, it was about 140 mm Hg and 90 mm 
Hg respectively. 

Examinations: Blood-pressure, see the figure. Ordinary examination 
of urine, microscopic examination of urine, Addis’ sediment count. 
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hlood-urea and electrocardiogram shoAved normal conditions each 
ttae tS patW admitted after tire operation. Intiavenons pyelo- 
grapKy showed normal conditions in the left kidne} . 

Only sliglrtly irrogiUar calilier, and a slight 
compression at one point of crossing. Otherwise normal conditions. 
The ophthalmoscopic changes are thus insignificant and can hardlj 
be termed actually hypertensive. The changes described when the 
patient was last admitted are, at any rate, distinctly abating. 


1 year and 4 months after oferation: The arteries arc of a somewhat 
irregular caliber, there are slight refraction phenomena; otherwise 
natural conditions. (Bardram). 

1 year and 10 months after operation (on the day when last admitted): 
The vessels somewhat tortuous, as previosuly, of slighth' irregular 
calibre and with slight compression phenomena. No licmorrhagos, 
exudates or oedemata. 

Hypertensio art. ceutr. retinae (IC. Iv. Dreislcr). 

Examination by neurologist 1 year and 10 months after operation: 

Diagnosis: Eucephalopatia hypertensiva (Henry Lind), 


Epicrisis: — In a man, aged 39 years, suffering from Iiypcr- 
tension (about 180/115) and angiospastic onccplialopatliy very 
marked retinal changes were found in ophthalmoscopy, and exam- 
ination of the urinary tracts revealed a stone at the junction 
between the pelvis and the ureter. At nephrectomy the kidney 
was found to be highly changed. Histologic diagnosis: Pyelo- 
nephritis. 

During a period of observation of 1 j-ear and 10 montlis the 
blood-pressure then remained at the upper limit of the normal, 
whilst at the same time the ophthalmoscopic changes had almost 
subsided and the patient felt subjective improvement and was 
fit for work. 1 3 '^car and 10 months after the ncplirectomj* the 
patient got a transient increase of blood-pressure till 170/115 
mm Hg and a fainting fit whicli must be regarded as a mild 
attack of angiospastic encephalopathy. 


Case No. 2: _ (Med. Dept. 225/43; Surg. Dept. 398/43). A woman 
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urine was cloud)^ and malodorous. In the course of the last few weeks 
before admission the urine became clear after administration of dis- 
infectants of the urinary tract. 

Pathological findings during slay in hospital: — Blood-pressure; 
180/115, later on constant at 160/110. Sedimentation rate; 47 — 45 mm 
in 1 hour. Urine; + gelatinization with potassium hydroxide; micro- 
scopical examination of urine (passed and catheter urine): On repeated 
examinations numerous leukocytes, some epithelial cells, a few leukocyte 
cylinders, no erythrocytes. Cultivation: Growth of Gram-negative 
lactose-fermenting rods. Concentration test: Specific gravity; I. 020 . 
Urea maximum clearance: 68 per cent, of 75 ml. Blood urea: 42 — 44 — 38 
mg%. 

X-raying: After intravenous injection of perabrodil an abundant 
secretion is observed from both kidneys. The right kidney is displaced 
in the distal direction, and the right calices and pelvis are moderately 
dilated. There are some small calcium shadows in the central calices 
and a concrement, barely the size of a date kernel, at the junction 
between the pelvis and the ureter. The right ureter passes off from the 
aide of the pelvis. 

Cystoscopy; The bladder is normal. A catheter is easily passed through 
the entire right ureter, but no urine escapes. After injection of hippo^n 
through the catheter the renal cavities are not filled. 

The patient was transferred to the Surgical Department where, 
owing to the infection, the concretion-filled fidney is nephrectomized. 

Microscopic examination shows chronic pyelonephritis. 

After the operation there was a fall of short duration in the blood- 
pressure to 125/65 12 days after the operation, but on subsequent 
control examinations three months and, later, one year after the opera- 
tion the blood-pressure was 200/115 and 230/130, respectively. When 
last controlled, the patient stated that on three occasions after the 
operation she had had dysuria and fever. 


Eficrisis: — A woman, aged 53 years, was admitted ■with 
pyuria and hypertension, and concretions were found in the right 
kidney. It was removed on a purely surgical indication. Micro- 
scopic diagnosis: Pyelonephritis, After nephrectomy there was a 
transient fall in the blood-pressure. During the period of observa- 
tion after the operation the patient had several attacks of dysuria 
and fever. 

Comments: — The hypertension of the first patient gave so 
severe cerebral symptoms that an attempt at nephrectomy was 
justified. The good result of this operation, in connection with the 
finding that a marked pyelonephritis was present in addition to 
the hypertension, is in conformity with the fact that Braasch, 
Walters & Hammer (7) found the result of nephrectomy to be 
best in the case of pyelonephritis. The alsmost complete abate- 
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meat of tlie marked retinal changes illustrates what^ 
stated by several authors (among others by Goldring & Chasi 
(16)) that even severe retinal changes may subside when ^ le 
Inrpertension is obviated. In spite of the slight postoperative 
attack of encephalopathy it is unquestionable that the patient 
has suffered from a. renal h 3 'pertension from wihch he recovered 
after nephrectomy, since the blood-pressure was higher during 
two weeks’ confinement to bed before the operation than when 
the patient was admitted later. 

The second patient was nephrectoinizcd on a purely surgical 
indication. The postoperative fall in the blood-pressure was only 
transient and can be attributed solclj’’ to the quiet regimen in con- 
nection with the operation fcf. Yolini & Tlaxman (35)), and the 
relapse stresses the importance of a sufficiently long period of 
observation. As the patient has had d 5 ’'suria after the operation, 
the relapse is presumably due to the fact that both kidneys have 
been infected; it maj’’, however, also be due to the hypertension 
having persisted for so long a time that irreparable changes of the 
circulatory system have occurred. Lastly, the hypertension may 
have been of extrarenal causation. 


Summary. 


After a reference to the investigations of previous autliors into 
the connection between hypertension and unilateral renal dis- 
orders, and to their attitude to the question of treatment by 
nephrectomy, two cases arc reported. 

(1)^ In a man, aged 39, who was admitted with acute angio- 
spastic encephalopathy, hypertension and unilateral urolithiasis 
Avere ascertained. Nephrectomy Avas performed, bringing about a 
subjective improvement and a fall in the blood-pressure. Period 
of observation: 1 year and 10 montlis. 


(2) Nephrectomy was performed in a woman, aged 53, who Imd 
a unilateral urolithiasis complicated with a vigorous infection. 

“Sr"™ ■f''' 
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Older therapeutic methods applied to actinomycosis, such as 
x-ray treatment and administration of potassium iodide — fre- 
quently in conjunction with surgery — often proved beneficial 
in cases with cervico-facial involvement. Frequent improvement 
was also noted of the abdominal type, whereas in pulmonary 
actinomycosis the prognosis was found to be the worst. 

Walker, in 1938, described a case of »abdominal actinomycosis)) 
with improvement follo)ving sulphanilamide treatment. A sim- 
ilarly beneficial action of sulpha drugs was subsequent!))' reported 
by several authors (Miller and Fell, Dorling and Eckhoff, Olgil- 
■vie, Dobson, Holman and Cutting). In Sweden, cases of this type 
have been described by Sandegard and Linden. 

As to ))puImonary actinomycosis)), Morton (1940) seems to be 
the first to have observed improvement after sulpha treatment. 
Further therapeutic successes are on record (Stangl, Dobson, 
Holman and Cutting, Ladd and Bill, Constam, Fanconi, Merkle, 
Pillsbury and Wassersug), but in several instances merely an 
improvement was reported. In addition, as a rule the follow-up 
periods wer e too short to speak of actual cure of the infection. 


nf f >^7 courtesy of Professor Abraham Troell, former Head 
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The in-vitro action of the various sulphanilamides upon Ac- 
tinomyces fungi has been studied in several quarters and been 
found to be satisfactory by, among others, Cutting and Gebhardt 
(1941). As with other organisms, the resistance to sulphonamides 
is apparently variable, and may exceed the concentrations usually 
to be achieved in vivo (Abrahams and Miller, 1946). 

The Oxford workers had already observed an in-viiro action 
of penicillin on Actinomyces fungi (quoted by Garrod); as has 
been pointed out by several authors (Christie and Garrod, 1944; 
Abrahams and Miller; Gerber, Shwartzman and Baehr; Dobson 
and Cutting), there are however considerable differences in re- 
sistance between the various strains. 

Numerous cases are on record of penicillin-treated actino- 
mycosis, satisfactory results having been obtained in instances 
of cer^nco -facial and abdominal involvement (Lyons; Herrel, 
Hendrikson and Lehman; Hamilton and ICirkpatrick). 

Eoberts, Tubbs and Bates have published two cases of pulmon- 
ary actinomycosis. One of these — previously treated unsuccess- 
fully with various sulpha drugs, blood transfusions, and repeated 
surgery — seems to have been cured by two courses of penicilHn, 
viz. 1,800,000 units administered during 5 days, and 5,600,000 
units given over 4 weeks. 

Gerber, Shwartzman and Baehr noted a »sati8factory result* 
after treatment with 14,000,000 umts of penicillin given over a 
period of 4 weeks. 

The two cases quoted are all we were able to find in the litera- 
ture, in which penicillin treatment seems to have resulted in 
cure, and the follow-up periods are scarcely satisfactory as to 
duration, having regard to the notorious relapsing trend of the 
condition. 

As far as is known to us, excepting our ovm only two cases of 
pulmonary actinomycosis have been treated with penicillin in 
Sweden. 

The first was hospitalized at the Medical Clinic of Serafimer- 
lasarettet and related by Dr. Agren in the discussion at the meet- 
ing of the Swedish Society of Internal Medicine held at St. Goran’s 
Hospital in April, 1946 (not published). The patient was an elderly 
man, who suffered from combined pulmonary and abdominal ac- 
tinomycosis. The primary result of the penicillin treatment was 
satisfactory, but the patient nevertheless died of a supervening 
adrenal process. 
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tkbaxment of actinomycosis. 

The second case was that of an in-patient at the Sabbatsberg 
Hospital and is here quoted by courtesy of Docent Crafoord 
A wLan in her forties had for about 5 years suffered from pul- 
monary actinomycosis, in the course of winch gestatory aggra- 
vation had twice occurred. She was given pemcilbn, viz. lo,000 
units at four-hour intervals for more than two months, and her 
symptoms disappeared. Subsequently, however, she experienced 
a relapse in connection with a further pregnancy. 

The present case of pulmonary actinomycosis was demonstra- 
ted at the meeting mentioned above. The publication was how- 
ever delayed for 18 months pending a reasonable follow-up period. 
(During this period a case of penicillin-treated pulmonaiy actino- 
mycosis was published by Aa. Laclimann. During six u eeks 
4,000,000 units were given parenterally, and in the first two 
weeks also local penicillin treatment was used. The primary re- 
sult was good.) 

Gase Report. A man aged 40, Who previously had always been well. 
Was suddenly taken ill, on 7. 3. 45, with marked general malaise, pain 
in the right side of the chest, and fever. On 8. 3. 45 he Was admitted to 
St. Goran’s Hospital. X-ray of the lungs revealed areas of increased radio- 
density principally in the right lower lobe, and exudation. Tlie case was 
as first interpreted as one of acute pneumonia with exudation, sulpha- 
diazine (SDi) being given for 6 days without. appreciable result. The 
sedimentation rate, which had been 42 mm on admission, rose rapidly 
to about 125 mm. 

A thoracocentesis was carried out on 10. 3. 45. Cytological anal 3 "sis 
of the fluid obtained disclosed chiefly mononuclear cells. Esbach’s test, 
20 ®/oo- Ho growth Was obtained with ordinary aerobic and anaerobic 
culture methods. Inoculation of the exudation into guinea-pigs failed 
to produce morbid changes. — The Mantoux test with O.i mg tuber- 
culin Was negative. On bacteriological examination of the expectoration 
only the common throat organisms Were found. Pneumococci wore not 
demonstrated. Inoculation of Lowenstein’s medium, negative. 

There Was moderate leucocytosis, the rate keeping between 11,000 
and 12,000. The cold agglutination test was negative. 

For essentials of the later course of illness, see graph. 

Pulmonary skiagrams taken during the months of March, April and 
May showed slight improvement both as to exudation and parenchym- 
atous lesions; m the mam, however, an area of increased radiodensity, 
the origina,tioii of which was obscure, persisted within the lower pos- 
terior portion of the right-hand inferior lobe 

fleSt ws also re- 
1 r? 4 a femporoturc and sedimontation rate. On 

15. 5. 45 the patient Was discharged 

Towards tto and of June, 1M5 he complained of modeiato pain in 



Graph shoioing the course of illness. SR = Sedimentation rate estimated ■with 
the Westergren technique. — Towards the end of November and during the 
first days of December, for technical reasons only the microdetermination could 
be used (small dots in the curve), and the rates obtained during this period are 
not commensurable to the remaining. 

Tp = Rectal temperature, degrees centigrade. 

SDi = Sulphadiazine Pen = Penicillin 

SAd = Sulfadital Ur = Urea 

the right side of the chest. In the middle of July he once more ran a 
slight temperature, and on 20. 7. 45 or so a tender swelling was noted 
on the right side level with the 7th rib. On re-admission to the Medical 
Department of St. Goran’s Hospital on 30. 7. 45 this swelling Was 
slightly larger in size than a child’s palm, tender to the touch and 
possibly fluctuating. Since in addition, there Was fairly Well-marked 
dullness in the right-hand basal area, an empyema about to perforate 
through the chest wall was suspected in the first place. A trial puncture 
failed to yield any fluid, however. A pulmonary skiagram taken on 
31. 7. 47 showed no change in the condition of the lungs, but the pos- 
sibility of costal osteitis Was taken mto consideration. The patient was 
given x-ray treatment from Aug. 2nd to 17th. — For a period_ towards 
the end of August, the patient experienced exceedingly severe singultus. 

On 10. 9. 47 he Was transferred to the Snrgical Department on ac- 
connt of the infiltration on the right-hand side having increased in 
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•size, the superjacent skin beginning to show discoloration, and frank 
fluctuation then being noted. According to the notes of the operating 
•surgeon, »presently a cavity was entered containing a fair amount oi 
creamy pus intermingled with gritty and granular debris)). Actino- 
mycosis Was suspected as a matter of course, but bacteriological ex- 
amination of the pus failed to reval the presence of the fungus, and 
patho-anatomically there Was nothing to suggest such an origination 
of the process. — The patient was nevertheless given penicillin from 
•Sept. 13th to 23rd, viz. 200,000 units daily. — Improvement ensued, 
and the patient Was discharged with the advice to rest for some time. 
On pulmonary x-ray re-examiiiation it Was found, however, that the 
lesions Were principally unchanged. 

On 7. 11. 45 the patient was again admitted, viz. in poor general 
■condition. The incision had burst open, a sinus having developed. 
Actinomyces was demonstrated by anaerobic culture with material ta- 
ken from the sinus tract. 

The in-vitro resistance to penicillin Was estimated at the Gonococcal 
Eesearch Laboratory of the Dermatological Clinic, viz. in the following 
way: 

Ten blood-agar plates Were prepared With penicillin in concentrations 
ranging from 8 to 1/64 units. These plates as well as a control plate 
without penicillin were inoculated with the actinomyces strain over 
one-half of the surface, the remaining portion being inoculated with 
three different staphylococcal strains, the penicillin-resistance of which 
was known (two sensitive, one rather insensitive). The readings were 
made after incubation for a week under strictly anaerobic conditions. 


Table 1. 

Grotoih of Actinomyces and Staphjlococcus aureus (5 different strains) 
on blood-agar plates prepared with varying amounts of penicillin. 


PCE/ml Actinonivccs , . nurcus 

strain A strain IJ strain C 


8 

4 

2 

1 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 


(+) 

"b-t- 

-b-l- 

-f-b 


(+) 
(+) 
•4 + 
-b-b 


— ' 

-b 

— 

+ + 

— 

+ + 

— 

+ + -b 

— 

-b-b-b 

-b 

-b-bk 


-b-b-b 

-b-i- 

-bk-b 

+-b-b 

kkk 

+-b+ 

kkk 
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The actinomyces strain proving highly sensitive to penicillin, ener- 
getic and prolonged penicillin treatment was clearly indicated. 

lor reasons given below, during long periods the treatment was. 
supplemented with sulpha irugs and urea (see Table 2). 


Table 2. 

Synopsis of the combined treatment with penicillin, Sidfadital and urea. 


Penicillin 

29. 11. 45- 

-21, 3. 46 

250,0C 

Sulfadital 

3. 12. 45 


14 

» 

4. 12. 45 


12 


5. 12. 45 


2 

» 

12. 12. 45- 

-16.1.46 

10-8 

» 

7. 2. 46- 

- 6. 3. 46 

10 

Urea 

18. 12. 45- 

-16. 1. 46 

24 

j) 

7. 2. 46- 

- 6. 3. 46 

24 

Totals, 26,300,000 units penicillin 

and 6 


D units intrnmusculary a day (106 days> 

g 

s 

» (discontinued on account of nauseay 
» daily (no toxic effects wortli men- 
tioning) 

» I) 

» » 

» » 

50 g Sulfadital. 


During the entire course of treatment daily urinalysis including 
examination of the sediment was carried out, without any indications 
whatever of renal injury emerging. The differential cotmt was con- 
tinually normal, that is to say, there vfexe no signs of granulopenia. 
The leucocytic rate dropped slowly to 4,000 (on 16, 1. 46), the sulphon- 
amide administration then being discontinued for a brief interval. 

The effect of the treatment was dramatic. The general condition 
improved rapidly, and the temperature remained normal. The sedi- 
mentation rate was steadil}' decreasing. The patient gained nearly 
10 kg. 

The X-ray findings, which since March — April, 1945 had been practic- 
ally stationary, showed considerable gradual improvement, and at dis- 
charge there was only a narrow zone of increased radiodensity in the 
posterior portion of the lower lobe. 

On 28. 3. 46 the patient was discharged from hospital, the improve- 
ment afterwards continuing and foimd to be lasting. 

At the time of writing, he is still in an excellent condition. For the 
past 18 months he has been able to do hard work in his capacity of 
junior surgeon on the staff of a large surgical service. 


Discussion. 

Pulmonary actinomycosis is a condition exceedingly hard to 
treat. During the protracted course of disease, enclosed foci con- 
taining pus and necrotic tissue debris are apt to develop. In the 
vicinity of these foci circulation is frequently very poor, inter aha 
owing to thrombus formation. In addition, penetration of che- 
motherapeutics into the actual foci is impeded by the fibrosis, 
which often occurs in the marginal zones of the process. These 
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laotoK arc decidedly adverse to the action of both snlplioiiaimdcs 

Alul penicillm. , , , 

Treatment been instituted with cbemotlicrnpciitics, in 

auspicious cases tbe major proportion of Actinomyces elements 
may be expected to disintegrate after a comparatively short 
period of treatment. Parallel with this development clinical im- 
provement takes place, sometimes, to proceed for a considerable 
length of time even though the treatment be abandoned. However, 
in many instances viable fungi, whicli can scarcely be supjio.scd 
to yield to the system’s own defences, will remain in the wcllnigU 
inaccessible, encapsulated foci. vSooncr or later there will be re- 
currences, in all probability starting from just those foci. 

Thus, when dealing with pulmonary act inomycosis, the most 
appropriate procedure seems to be clicmotlicrnpeutic treatment 
continued until long after the clinical symptoms have subsided, 
allowing as much time as possible for maximum absorption of the 
pathological process (x-ray control). Not until at that stage can 
the conditions pertaining to circulation and diffusion be c.xpectcd 
to have improved to a degree rendering treatment efficacious 
within every part of the diseased area. 

From the reports quoted above it will be .scon that pulmonary 
actinomycosis can be improved or cured by sulpha drug or jieni- 
cilliii treatment. On the other hand, trials with both methods 
combined have hitherto not been carried out as far as wc were, 
able to ascertain. 

Taking into account the generally poor prognosis of the con- 
dition, in the present case an attenqit to produce the most jmwer- 
ful action possible by combining penicillin administration with 
energetic sulpha treatment, was considered appropriate. .Since tins 
type of treatment necessitates large closc.s of sulpha drugs given 
over considerable pezlods, tlie sulpha-coiubinatiou preparation, 
4SulfaditaI, comprising sulphatbiazole, sulpliacliazine, and sulplia- 
merazinc, was selected (Frisk, Hagerman, Helandor, and Sjogren). 

Sulfadital was given for 9 weeks in all. The daily dose wius 8— 
10 grammes, and the total, 6G0 grammes. Notwitlustanding this 
high sulpha dosage no signs whatever were observed of iniury to 
the hemopoietic system or the kidneys. 

Ib order furfter to increese the t), crepe, ilio netiou, e,„l to 
counteract t lo danger of renal concrement formation, during tlie 
course of sulpha treatment also urea was gieen (see infer n/m 
Wallersteiuer, 1943; Frisk, and Hagerman, IMl). ’ 
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Sammary. 

A small number of cases of pulmonary actinomycosis with 
improvement or cure following treatment with sulpha drugs have 
been described in the literature. Of later years, some few cases 
treated with penicillin have been recorded in addition. 

The present writers give an account of a case of pulmonary 
actinomycosis, in which the bacteriological diagnosis could not 
be established until the patient had presented clinical symptoms, 
initially uncharacteristic and resembling those of pleuropneu- 
monia, for 8 months. 

In order to attain optimal therapeutic action, the patient was 
treated with penicillin, viz. 260,000 units daily given over i 
months, as well as wdth 8 — 10 grammes of Sulfadital (a sulpha- 
combination preparation), administered simultaneously, and with 
25 grammes of urea per day. 

The advantages are discussed of such a combined prolonged 
treatment. 

Eighteen months after termination of treatment, the patient 
was still perfectly well, and failed to show any indications of re- 
currence. V 
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Erythema Exsiidativum Miilti forme. 

By 

HANS JACOB USTVEDT. 

(Sabmittcd for poblication October 10, 1947.) 

I. The clinical picture. 

II. Relations to tuberculosis. 

III. Other etiological possibilities. 


I. 

Tiic Clinical Pictui’c. 

Both in dermatological and in internal medical literature there 
prevails a good deal of confusion •with respect to the clinical del- 
imitation of Erythema exsudativum multiforme (E. m.). The 
author, whose starting-point has been the relation of this form 
of exanthema to tuberculosis, especially to tuberculous primary 
infection, has found it necessary on the basis of a large body of 
material to illustrate the principal features of the pathological 
picture before taking up for examination the special problem of 
the relation to tuberculosis. 

Most of the investigations published in recent years respecting 
E. m. deal with comparatively small groups of cases. E. m. is no 
frequently occurring disease. For example, in the internal medical 
departments of the hospitals it occurs with only one-tenth of the 
frequency of erythema nodosum (E. n.). But E. m. is in marked 
degree a disease presenting many aspects, which plays a part in 
many fields: First of all in dermatology, nextly in internal medi- 
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cine, ophthalmology, tuberculosis aud opidomiology. I have 
therefore found it necessary to assemble an extensive, ic y 
sided material, and I have had an opportumty of aealmg vuth 
all cases of the disease treated in the 10-year period 193/--1946 
in the dermatological department of the Rikshospitai {Professor 
N Danbolt), in the Ulevaal Hospital, dermatological department 
(Chief Physician A. Madsen), in the three internal-medical depart- 
ments of the Ullevaal Hospital (Chief Physicians K-. Hatlchol, 
C. Muller and H. J. Ustvedt), of Drammen Hospital (Chief Phys- 
ician 0. Eomcke) and of Vestfold Hospital (Chief Physician A. 
Jervell), as well as in the epidemiological department of Ullevaal 
Hospital (Chief Physician P. M. Holst). 

The material comprises altogether 219 patients, observed in 
eight different departments in the course of ten years. 


Historical Survey. 


While erythema nodosum was clearly described by Willaii as 
early as in 1808, it was Hobra in 1860 who through his well- 
knonm classification of the erythemas introduced the term Ery- 
thema exsudativum multiforme, which embraced the older designa- 
tions E, marginatum, papulatum, tuberculatum, iris, annulare 
etc. Hebra pointed out that it was not here a question of true 
er}i;hema, but of inflammatory changes in the sldn. Ho did not 
mention the accompanying changes in the mucous membranes 
which were described by Bazin two years later. The older liter- 
ature, especially ndth respect to dermatology, is very voluminous. 
I may here refer to Tachau (1928). 


In the literature from recent years two groups of investigations 
may be distinguished, one of which is concerned with the severe 
cases attended by changes in the mucous membranes, the other 
with the relation to E. nodosum, and between these two groups 
there seems to be, practically spealdng, no connection. 

In 1916 Eendu described a syndrome consisting of affections 
of the mucous membrane in mouth, nose, conjunctiva, genitalia 
and anus, as well as varicelliform exanthema with purpm'a on the 
extremities. In 1917 Rendu and Fiessinger reported several such 
cases and gave to the malady the designation »ectodermoso erosive 
p urorificielle)), a name which has later to some extent been eni- 
p oyed m the Latin form: Ectodefmosis crosiva pliirorificialis. 

3 i82174. Acta mcd. scandinav. Vol. GXXXI. 
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In 1922 the American authors Stevens and Johnson spoke of 
»a new eruptive fever with stomatitis and ophthalmia)), whick 
they assumed to be a hitherto undescribed form of disease. Baader 
in 1925 described a similar pathological picture and supplied still 
another name: dermatostomatitis. 

The combination of exanthemas resembling erythema multi- 
forme with symptoms from various mucous membranes has later 
been the subject of a long series of case-reports. I may here refer 
to Keil (1940) and Report of Gommission on Acute Respiratory 
Disease, Fort Bragg (1946). The tendency to apply distinctive 
names to the diseases seems to be declining and most authors 
agree with Hamel (1929) in his view that these manifestations 
must be regarded as special forms of erythema exsudativum mul- 
tiforme. From Denmark Jersild (1945) has described 25 cases 
with affection of mucous membranes and 0. Christiansen (1946) 
and Tousgaard (1946) respectively 12 and 3 cases. Prom Norway 
P. Owren (1943) has reported 2 cases of considerable interest. 

From certain quarters it has been proposed to include also the 
so-called Behcet's syndrome (»triple symptom complex))) among 
the forms of E. m. Behcet’s syndrome is composed of 1) tran- 
sitory aphthous changes in the mucous membranes, 2) ulcera- 
tions on the genitalia and 3) affections of the eyes, especially 
hypopyoniritis, occasionally neuroretinitis. Several cutaneous 
manifestations have been observed at the same time, such as acne, 
pyodermia, erythema nodosum, induratum and multifofme. 
Especially on the basis of the affection of the eyes, however, 
Behcet believes that the differential diagnosis from true E. m. 
is clearly established. 

Also in case of ulcus vulvae acutum (Lipschiitz) there have been 
observed stomatitis, eye-affections and exanthemas which may 
be suggestive both of E. n. and E. m. (Bussalay, Tamalov). Per 
Eotnes has reported a case of ulcus vulvae chronicum, anorectal 
syphiloma, positive Frei test and erythema multiforme. In 
Reiter's disease, which attacks, besides the joints, also the genital 
mucous membrane and the conjunctiva, there may be seen affec- 
tions of the sHn in the form of hyperkeratosis, but exanthema 
resembling E. m. I have not found described. 

The other group of investigations from recent years is concerned 
with the relation heUaeen E. multiforme and E. nodosum. Here we 
meet chiefly with the milder, papulovesicular cases of E. m., 
without simultaneous affection of mucous membranes. Hebra 
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regarded E. m. and E. n. as being two independent, scH-co}itaincd 
units of disease, whereas Besnicr, Kaposi, C. Bocck, hlaclconzic 
and others believed that the two forms of exanthema were to be 
conceived as being different manifestations of the same syndrome, 
Lendon included both E. m. and E. n. in his definition of »no(lal 
fevcD). Pautricr points out that the same problems arise in con- 
nection with E. m. and E. n. and he thinks that in both diseases 
we can distinguish between idiopathic and secondary forjns, 

The simultaneous occurrence of E. n. and 111. m. in the same 
patient is well Imown. Per Eotnes (1936) in liis 182 cases of Iv. n. 
found that it was accomi>anied by typical E. m, in IG of the 
patients. Lofgren (194G) finds that G out of 174 patients had 35. m. 
together with E. n. N. Skiold (1945) adopts a different basis for 
distinguishing between the two forms of exanthema than all 
other authors. He regards as E. nodosum only those cases wliere 
the efflorescences disappear during tj’pical change of colour. All 
cases resembling E. nodosum in which such colour changes fail 
to appear he assigns to the E. multiformc group. That such a 
distinction is not tenable is clear from, infer alia, Lofgrcn’s in- 
vestigations, which show that the histological picture of tlio no- 
dules in E. u. is the same whether their disappearance is attended 
by changes of colour or not. Therefore when Skiold finds that 
B. n. and E. m. behave alike in every respect, it may chiefly 
be because his E. ra. group embraces a very large number of cases 
of what others would call E. n. Of his G5 cases of E. m. GO were 
of the type E. tuberculatirm or B. pnpulatum, and would presum- 
ably have been catalogued as E. n. by other investigators. In 5 
cases E. annulatum was present, and only two patients showed 
vesicle-formation. 

I shall later refer to tlic works that have been publislicd respec- 
ting the relationship between E. m. and tuberculosis. 


xuo Oixnical Picturo. 

_ As regards the aspect of the exanthema particulars will be found 
m the text-books on dermatology. 

As to the occurrence of affeclions o} mueaus membranes hi-hlv 
varying figures are reported, the frequency being in general iilnced 
at between 25 and 60 per cent. The affection of the mouth is for 
the most part described as being a stomatitis aphthosa, but it 
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does not seem quite clear whether we must reckon with several 
different types. The conjunctivitis may he eatarrhal, purulent or 
pseudomeinhraneons. Edmund distinguishes between a fibrino- 
membraneous and a papulo-vesicular type. Corneal lesions, with 
subsequent blindness, are reported by American authors to occur 
with relative frequency, while they are only seldom mentioned 
by European -writers. Iritis seems to be an exceptional occurrence. 

Papulo-vesicular eruptions may further be seen on the genital 
mucous membrane (balanitis, -vulvitis, urethritis, vaginitis), on 
the anal mucous membrane and in the vestibulum nasi. The 
occurrence of laryngitis, tracheitis, bronchitis and gastro -enteritis 
is more rarely reported. 

It was early pointed out by Osier and C. Boeck that the inter- 
nal organs might be attacked, with symptoms from lungs, heart 
or central nervous system. In the most recent years the occurrence 
of non-bacterial pneumonia in connection -with the more severe 
forms of E. m. has especially been a subject of great interest 
(Bjorn Knutson, Commission an Acute Respiratory Disease, Port 
Bragg). 

The general health may be quite unaffected, or it may be more 
or less impaired, up to the most severe degrees wth septic symp- 
toms, and sometimes -with fatal issue. In most cases the exanthema 
lasts from two to four weeks, and not infrequently there come ne-w 
eruptions at intervals of days or weeks. E. m. shows in some cases 
a characteristic tendency to recurrence, which is said to be especially 
notable in spring and autumn. Opinions differ as to the age and 
sex distribution. 

Histological examination reveals edema in the cutis, dilatation 
of the vessels in the papillary bodies, presence of granulocytes in 
perivascular arrangement, often a number of eosinophile cells, 
afterwards lymphocytes. The process is distinctly more super- 
ficially localized than in E. nodosum. 

As regards the mortality, some American authors in recent 
years, for instance Blumer (1940), state that it is high in cases 
with mucous membrane complications. Markham in 1944 repor- 
ted 4 deaths in 5 cases of E. m. combined with primary atypical 
pneumonia. In most investigations no deaths, or only very fe-w, 
are reported. 

Regarding the etiology little is Icnown. Some writers, including 
Keil, believe that E. m. represents an infectious disease sui generis. 
Most authors regard E. m. as a dermatological morphea whicli 
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may be due to several different infeetions, intoxicntrons or nller- 
gio factors. Bacteriological invcsllgatioiis bave tor tJic most ] . 
given negative results. Observations made in recent, years, espe- 
cially in connection vitlv primary atypical pneumonm point to 
the possibility of a virus infection as cause of some of tlic scr crc 
cases. Inoculation experiments linvc liitberto yielded negative 
results {Edgard and Syverton, Koke, Eeport of Commis.sion on 
Acute Bespiratory Diseases, Schoening, Jer.sild). 


Tho Material. 


Of the 219 patients 105 were treated in tlic dermatological, 
92 in the internal-medical and 22 in the epidemiological depart- 
ments. Tlic main body consists of 180 patients, in whom the 
exanthema was in every respect typical as regards the. aspect and 
localization of the efflorescences. liliglit.y of lliese patients, i, c., 
45 per cent, incsentcd at the same time one. or more affections of 
the mneons membranes. 07 patients, or 37 ])er oont, had ]mre. I'h 
multiformc without symptoms from the mucous membranes. 
Finally, I have set apart as a separate group 33 cases (18 per 
cent) in which, besides a tj'pical E. multiforme, there were found 
on the extension side of tlie legs many or few tender nodule.s 
resembling those seen in E. nodosum. In these cases tlie picture of 
E. multiforme was predominant, the diagnosis in the hospital Nvns 
E, multiformc and it was only on .studying the dcserijition of the 
exanthema that I found grounds for placing these eases in a .‘Sepa- 
rate group. 


In addition to the 180 patients forming the main body of 
material comes a group of 22 patients in whom typical E. n. 
efflorescences on the extension side of the legs were combined 
with maculo-papular exanthemas witli the localization and arrange- 
ment characteristic of E. multifoDuc, but without, the typical 
vesicles or cockades. Likewise in tliesc cases the hospital diagjiosis 
has always been E. inultiformc. On the ot.hcr hand, I liavc not 
here included, as Skiold has done, typical cases of E. nodosum 
with some superficial nodules and blotclios. In all my cases the 
E. 7n'uUifon)}G cliovactct" Iigs been prcdowinonf. 

Finally, the material embraces a group of 17 cases of maculo- 
papular exanthema, in which E. multiformc was diagnosed in t.hc 
hopitals, but where that diagnosis, in t.hc aut.hor’s opinion, in- 
volves a certain degree of uncertainty. 
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Thus we have altogether: 

80 cases with mucous membrane manifestations. 

67 » of frank E. m. without mucous membrane manifesta- 

tions. 

55 » of E. m. with separate E, n. efflorescences. 

17 » in which the diagnosis is uncertain. 

The significance of the material lies in the fact that it has 
been assembled from various special hospital units, so that it 
may be supposed to furnish an all-roimd picture. The figures are 
in part sufficiently large to be assigned evidential force. The 
weakness of the material, on the other hand, lies in the circum- 
stance that the cases have not been described by one and the same 
observer and that many special examinations of importance 
have in some cases been omitted. Therefore the figures for the 
positive occurrence of various phenomena are to be taken as mini- 
mum figures. The affections of the eyes have in most cases been 
examined by an ophthalmic specialist and the exanthema by a 
dermatologist, also when the patients were being treated in inter- 
nal medical departments. 

T/ie affections of mucous membranes were located as follows: 


In several mucous membranes 

...31 

cases. 

or 

17 

per 

cent, 

In the mouth, in all 

...69 

» 

» 

39 

» 

» 

In the eyes in all 

...43 

» 

» 

24 

» 

» 

In the genitalia 

...19 

)) 

)) 

11 

» 

» 


Mucous membrane affections of mouth, eyes and genitalia were 
found in 12 cases, of mouth and genitalia in 7, of mouth and 
eyes in 12, stomatitis alone in 34 and eye affection alone in 15. 
Isolated affection of genital mucous membrane was not observed. 
Patients without exanthema are not included in this material. 

The cases may be roughly classified according to the aspect of 
the exanthema into bullar, vesicular and papular forms, but the 
boundaries are not sharply defined. In all the papular cases the 
exanthema showed typical arrangement, mostly with cockade- 
formation. The material comprises 44 cases of bullar exanthema, 
74 of vesicular and 62 of papular. It is often stated that the exan- 
thema in E. m. is not accompanied by itching. In contrast to that 
statement it is found that a large number of patients in the 
present material have complained of itching, in some cases de- 
scribed as being intense. In some cases an urticarial component 
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was a prominent feature, sometimes wtli considerable edema in 
tiie face or on tbe back of tbe hand. One patient was treated for 
edema of the glottis. 

Affections of mucous membranes were somewhat more fre- 
quently noted in bullar exanthema (64 pet cent) than in vesicular 
(42 per cent) and papular (41 per cent), but the difference is not 
great. The mucous membrane affections axe thus by no means 
associated with the bullar forms alone. Of the 80 patients with 
mucous membrane manifestations only 28 had bullar exanthema, 
while 27 had vesicular and 25 had papular forms. But where 
several mucous membrane affections appeared at the same time 
the bullar and vesicular forms were preponderant (respectively 
18 and 11 as against only 2 papular). 

Of the 67 patients without affection of the mucous membranes 
only 13 had bullar, while 22 had vesicular and 32 papular exan- 
thema, and in the 33 cases where isolated E. nodosum efflores- 
cences appeared at the same time only 3 patients had bullar 
exanthema, as against 25 with vesicular and 5 unth papular forms. 

From these figures it appears that bullar exanthema is to a 
certain degree predominant where the exanthema is accompanied 
by affection of several mucous membranes, whereas the bullar 
form is rarely seen where isolated E. n. efflorescences occur simul- 
taneously with a typical E. multiforme. Meanwhile, it can hardly 
be justifiable to establish separate, distinctly delimited groups on 
the basis of the aspect of the exanthema. 

In the more severe cases the exanthema was sometimes hemor- 
rhagic, without any essential difference being otherwise observed 
between these cases and the others. Thus there arc no grounds 
for setting up a separate hemorrhagic form. 


Age and sex Distribution. 

Figure 1 shows the percentual distribution in the different a"e 
groups. In the recurrent cases it is here reckoned with the af^o on 
admission to hospital. The curve shows a somewhat, protracted 
niaximum in the ages from 20 to 40 years, 6 per cent were under 
W years old, 18 per cent under 20 years, 20 per cent over 40. 
Most of the hospitals which have furnished material for this in- 

so that the figures for the years of childhood (patients under 15 
years old) may be too low. 
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Fig, 1. Age distribution: crj’tlicma multiforme, erythema nodosum, rhoumatismus 

acutes. 


For comparison is sot forth the age distribution in a collection 
of E. nodosum material from Ullcvaal Hospital in the years 1916— 
1932, embracing 314 patients (Ustvedt and Johannesen). The 
E. n. curve shows a far more accentuated maximum in the ages 
from 20 to 25 years, a peak wliich for this period concurs well 
with Scheel’s curves for tuberculous primary infection and for 
exudative pleurisy. As it might be imagined that the constantly 
proceeding displacement of tlic time of tuberculous primary 
infection towards higher ages may have led to a similar shifting 
of the age distribution for E. nodosum, I have investigated this 
matter in a collection of 180 cases from the years 1937 — 1946. 
It is found that the curve here follows the same coirrse as in the 
period 1916 — 1932. This would seem to indicate that the age curve 
for E. nodosum docs not follow' the movement of the infection 
curve, but that the tendency to react w’ith E. n. to the tuber- 
culous primary infection is in marked degree associated with the 
years of childhood and youth (cf. Ustvedt: »Continucd Investiga- 
tions on the Relation of Erythema nodosum to Tuberculosis)), 
Nordisk Medicin 1948), 

Finally, there is entered in the same graph the age distribution 
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in a collection of 22G cases of rhcumalic fever from Ullcvaal Hospi- 
tal, Dept. IX, in the period 1925/35. Also here the figures for 
1937/46 arc found to give the same curve. Tlic age distribution 
for E. inultiforme appears, broadly speaking, to correspond to 
the findings in xheumatie fever, although the age maximum is 
reached 10 years later, while in botdi cases there is a striking 
divergence from the E. nodosum curve. Tlic sex- (lislribniian is 
shown in Eig. 2, where the actual number of cases in each age 
group of male and female patients is given. It is noteworthy that, 
while the males preponderate in the age group 0~20 years (61 
per cent), the females arc decidedly in tlic majority in the other 
age groups. Only 7 men out of 40, i. e., IS per cent, arc over 40 
years old. One third of tlie males arc under 20 years old, of the 
females only one tenth, while for patients over 40 years old the 
ratio is almost exactly the rer'crse. Of the total number of 180 
patients 116, or 65 per cent, were females. 

In this connection I may refer to the sex distribution in ease 
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of 15. nodosum, wlicrc we also find a certain degree of antithesis 
between childhood and adult age. Among patients over 15 years 
old Kotnos finds 5 per cent males, Lofgren finds 8,6 per cent of 
the male sex among G51 cases in Stockholm in 1912 — 14, while 
Mascher reports 14 per cent. In the present material of E, ra. 
cases 80 per cent are men over 20 years old, that is to say, .some- 
what higher figures. 

Among children, however, the characteristic difference between 
t he sexes ns regards t he incidence of K. n, is not so pronounced. 
Hooswall in 193G in a collection of 551 cases found that 59 per 
cent were girls. Comby stales iljat among 170 cases two thirds 
were girls. On the other hand, no preponderance of boys, such as 
i.s .seen in the present E. m. material, seems to liavc been noted 
in case of E. nodosum. 

If we examine the .sex distribution in the different groups of 
which the material is composed, we find in the cases vith mitcous 
mcmhranc aficclinus about cqunlhj many females as males (39 and 
41). In the cases of frank E. multiforme without mucous mem- 
branc .symptoms, however, the female patients constitute about 
two thirds (09 per cent) and in the group with E. nod. efflores- 
cences together with hi. imdliforme Of) per cent arc females. The 
males arc in the majority (59 per cent) in the group with sto- 
matitis, while females dominate among the cases with affections of 
the eyes (03 per cent). In the group with ocidar lesions alone 13 
of the 15 patients arc females. Already here wc meet with a cer- 
tain antithesis between mouth and eye affections, a matter to 
which I shall later revert. 

Thus it is .seen that in the grouj) with mucous membrane affec- 
tions the younger male patients predominate and that in the 
group with combination of E, n. and E. m. wc find almost exclu- 
sively women aged from 20 to 10, while the cases with frank E. ni. 
without syjnptoms from nmeous membranes occupy an inter- 
mediate ])osition. 

Tlic distribution of the cases among the different months of 
the year is seen from Table 1, where for comparison I have en- 
tered the monthly distribution in the ID. nodosum material 
(U.stvedt and .Tohannesen). Both forms of exanthema show a 
ma.ximum in April — June and December — January. But E. ni, 
has also a maximum incidence in September, whereas E. n. is 
hero at a minimum. Thus there exists some tendency to an accu- 
mulation of E. m. cases in the spring and autumn, but not as a 



43 


erythema exsodativum multiporme. 


strongly dominating feature. H. Hegna m 1944 found a sinular 
monthly curve for acute rheumatism, but unth the difference that 
here the autumn maximum was reached in August. The figures, 
however, are small and do not admit of any definite conclusions. 


Table 1. 

Didribution ihrottghovi the year. 



E. raiiltiformo 

E. nodosum 


150 % 

112 % 


50 ^ 

104 ► 


87 J- 

90 » 


Ill » 

12G » 


Ill 0 

12G » 


135 » 

114 » 



90 » 


80 » 

G8 » 


127 » 

C8 » 


47 » 

GS » 


87 » 

100 » 

December 

Ill «• 

12G » 


In the literature there seems to be no record of epidemical oc- 
currence of E. multiforme. In the present material there is found 
an example of simultaneous occurrence of E. m. in two members 
of a family. In the epidemiological department there were once 
treated two cases from the same house. 


Recurrences. 

In E. multiforrae new outbreaks of exanthema and/or symptoms 
from mucous membranes during tlie course of the disease con- 
stitute a prominent feature in the clinical picture. The distinction 
between exacerbation in the course of the original attack of the 
disease and an actual recurrence will be arbitrary. In order to be 
permitted to speak of a recuixence I have elected to demand a 
symptom-free interval of at least three months. 

In 39 out of 180 cases, or 22 per cent, one or more recurrences 
had taken place. Here we find a striking difference between the 
separate groups, seeing that 40 per cent of the cases in the group 
with mucous membrane symptoms were recurrent, as against 9 
per cent of those with frank E. m. and only 2 per cent of the cases 
with combined E. m. and E. n. Among the cases with mucous 
membrane affections patients with lesions of the eyes showed 
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remarkably little tendency to reccurrence (5 out of 26 cases) 
wliilc patients with stomatitis had a stronger tendency to re- 
currence than the average (27 from 53). Among the recurrent 
cases there was a preponderance of male patients (23 against 16 
females). 

As regards E. nodosum we find greatly varying figures for the 
tendency to recurrence. Eotnes reports 18 per cent, Ustvedt and 
Johannesen 10 per cent, Lofgtcn likewise 10 per cent, while 
Sldold finds no less than 26 per cent. Most authors agree that 
recurrences arc seen far more frequently in non-tuberculous than 
in tuberculous cases of E. nodosum. Thus Skiold reports 30 per 
cent and 7.9 per cent respectively. Edstrom found a tendency 
to recurrence in 23 out of 1 42 cases of E. nodosum, and on follow- 
up examination of 19 of these patients he found no cases of tuber- 
culosis, while two had died of rehumatic infection. 

Twelve patients with E. multiformc in our material had pre- 
vioushj had E. nodosum. "Where the exanthema was an umnixed 
E. m. it was found that E. nodosum had previously occurred in 
only 5 out of 147 cases, i, e., in 3.5 per cent. In cases of combined 
E. n. and E. m. previous occurrence of E. nod. was noted in 7 out 
of 55 cases, or 12.5 per cent. 

The number of recurrences varies considerably, and likevdse 
the length of the symptom-free intervals. Some patients had had 
a few outbreaks at intervals of up to 15 years, otlicrs had hod 
exanthema several times yearly lor periods of up to 20 years. 
Most of the patients stated that they had had exactly the same 
symptoms from the mucous membranes and the same kind of 
eruption every time. Of the 32 cases of recurrence in the mucous 
membrane group, however, 5 of the patients had during several 
years had only aphthous stomatitis, and it was not until later 
that there came an eruption on the slcin. But there are also seen 
examples of recurring exanthema where the stomatitis first ap- 
peared together with a later eruption. Only three patients had 
noticed that the eruptions appeared in the spring and autumn, 
while one stated that the spring sunshine called forth the exan- 
thema every year. The great majority could not mention any time 
of predilection or any special provocative causes. The individual 
eruptions lasted as a rule from 8 to 14 days. 

In all twelve patients who had earlier had E. nodosum there has 
been only one premous outbreak. The interval between the attacks 
varied up to 29 years. 
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Clinical Symptoms. 

} 

III a large proportion of the cases prodromal symptoms were 
observed before the exantbema appeared. In the group with 
mucous membrane affections prodromes occmTed in one third of 
the cases, in the form of ssymptoms of a cokh), feverishness, in- 
disposition, cough, that is to say, uncharacteristic symptoms. 3 of 
the 28 had vomitings, 2 had pains in the joints, 1 had dysphagia. 
The, prodromes lasted from 2 or 3 up to 8 days, occasionally longer. 

In the group with frank E. m., without symptoms from mucous 
membranes, the situation was about the same. Only two patients 
complained of pains in the joints before the exanthema appeared. 

In the group with combined B. m. and E. n., on the other hand, 
prodromes appeared in twice as many cases, namely, in two thirds 
of the patients, and here they were of a somewhat different char- 
acter: most often dysphagia, pains in the joints, as well as feverish- 
ness, coughing, fatigue — symptoms which are also met with in 
the prodromal stage of the franlc E. nodosum. 

The diagnoses on which the patients were admitted to hospital 
give a little hint respecting the clinical picture in the initial stage. 
A large number were admitted for acute rheumatism or rheuihatic 
fever, some few for fever of unlcnown cause, rather many for ery- 
thema nodosum, some for meningitis or poliomyelitis, besides 
many different forms of exanthema. 

.:1s regards the relationship between exanthema and mucous 
membrane affection, it has here not been possible to find any 
characteristic sequence in the symptoms. The general experience 
seems to have been that exanthema and mucous membrane 
symptoms appeared at the same time. In some few cases the 
stomatitis came some days before the exanthema, but the reverse 
order of appearance has also been observed. The affection of the 
eyes was occasionally not noted until somewhat later on in the 
course of the illness. We get a distinct impression that, clinically 
regarded, exanthema and mucous membrane symptoms are co- 
ordinate phenomena, and that we cannot speak of exanthema as 
a complication in stomatitis, or vice versa. 

Affection of the raucous membrane of the nose, often with 
epistaxis, was noted in 12 patients, suppurative otitis media in 
3, pharyngitis in 20, laryngitis in 6, including one patient with a 
large laryngeal ulcer, gastritis in 3, enteritis in 1 and affection of 
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the anal mucous membrane in 2 patients. All these figures are 
certainly too low, since most of the patients have not been care- 
fully enough examined in this respect. These affections of the 
mucous membranes occur mainly in the severe cases, and then 
usually in the combined forms. 

Of quite special interest arc the patients with signs of Iron- 
chilis or 'pneumonia. Of the 80 patients wth symptoms from the 
mucous membranes 4 showed signs of bronchitis, 8 of pneumonia. 
Sfeanwhile, X-ray examination of the lungs during the acute stage 
was made only in a few cases, so that the actual number of pul- 
monary affections may have been considerably higher. In all the 
cases the pneumonia took the form of bronchopneumonia. In three 
patients the clinical course and the radiographic picture might 
be said to correspond to at 3 'pical primary pneumonia. Investiga- 
tion as to cold agglutination of the erythrocytes was not made in 
any of these cases. 

In the sinnmor 1946 at Drainmen Hospital Bjorn Kjiutsen 
made some very interesting observations concerning the connec- 
tion between primary atypical pneumonia and E. multiforme. 
In three cases he found primary atypical pneumonia, with char- 
acteristic increased cold agglutination titer, in combination •with 
E. multiforrac, and in one case E. m. appeared in conjunction 
%vith a recurrence of the infection of the air passages. As regards 
two of the patients there were also recorded other cases of p. a. p. 
in the family. 

Similar observations have been made in the last couple of years 
by American investigators (Markham, Fletcher and Harris, Com- 
mission on Ac. Respiratory Diseases, Fort Bragg). Jcrsild found 
among his 25 patients 7 cases of pneumonia and 3 of bronchitis. 

I shall later revert to the importance of these cases for the 
rmderstnnding of the etiology of E. multiforme. 

The findings as regards Icmpcrahnc present little of interest. 
We meet with afebrile, subfebrile and highly febrile cases. In case 
of severe bullar exanthema with mucous membrane symptoms 
the rise in temperature may be moderate, while in the maculo- 
papular cases it may be considerable and protracted. The rise of 
temperature seldom lasts more than 14 days. The general con- 
ditions mil, as is natural, be specially affected in patients with 
stomatitis. 

The affection of the mouth shows all degrees of severity, from 
slight swelling and rubor of the mucous membrane, with some few 
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superficial erosions, to the severest forms witli trismus, intense 
fetor and profuse saKvation, so that it is almost impossible to 
inspect the mucous membrane of the mouth. "We see erythematous 
patches, often vesicles or bullae, afterwards superficial erosions 
^vith greyish-white membranes, surrounded by a red halo. The 
picture corresponds in general to what is seen in aphthous stoina- 
titis. Very often there are seen at the same time herpetic vesicles 
on the lips and around the mouth, sometimes occurring when no 
affection of the mouth can be observed. 

Most authors regard aphihoits sioyymtitis and herpetic stomatitis 
as being essentially different affections. According to Thjotta, 
however, the aphthous stomatitis is probably produced by the 
herpes simplex %’irus. The inoculation experiments hitherto made 
have furnished no grounds for supposing that E. multifornie is 
occasioned by that virus. 


Eye affections. In the 24 cases where disorders in the eyes 
arose simultaneously with affection of the oral and genital mucous 
membrane it has always been a question of conjunctivitis, which 
has been bilateral, in most cases purulent, only seldom with dis- 
tinct vesicles or bullae on the conjunctiva, sometimes with a 
tendency to necrosis of the palpebrae, and always resulting in 
complete cure without complications from the cornea. Iritis 
has not been found in any of the cases. Presumably these cases 
correspond, broadly speaking, to what Edmund calls the fibrino- 
membranous type. 


The situation is quite different where the eye affection has 
appeared as the sole manifeslatmi in addition to the exanthema 
(20 cases). Here we find 10 cases of episcleritis, unilateral or 
bilateral, and 10 cases of diffuse, catarrhal conjunctivitis. Phlyc- 
tenes were not observed in any of the cases. 

I have previously mentioned that the group with piwe E. m. 
and isolated eye affection differs in several ways from the other 
cases with manifestations from the mucous membranes, for 
example, by a great preponderance of female patients. It also 
displays other peculiarities, namely, remarkably frequent vesic- 
ular tuberculin reaction and strikingly high sedimentation figures. 
The cases with isolated eye affection seems to stand much nearer 
to those with combined E. m. and E. n. than do the cases with 
V n symptoms from the mucous membranes. Probably it is 
chiefly the episcleritis that forms the connecting link, since this 
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disorder is a well-known, altkongh relatively rare, symptom in 
E. nodosum. 

The cases with episcleritis are more fully dealt with in later 
work. I shall here merely mention that of the 10 cases in 
the present material 2 were probably due to streptococcal 
infection, 4 to tuberculous primary infection, while 2 cases 
presented the picture of acute rheumatism with negative 
tuberculin reaction and in 2 cases we were quite without 
etiological data. 

Transitory proteinuria was noted in 16 out of 180 cases and 
transient hematuria was observed microscopically in 2 cases. The 
patients with genital affections generally had pyuria. In one single 
case an acute hemorrhagic nephritis occurred. The patient was a 
10-year-old boy with severe exanthema and symptoms from mu- 
cous membranes. He had hematuria, proteinuria and cylindruria, 
increase in non-protein nitrogen (86 mg per cent), but normal 
blood pressure. He had slight pains in the joints, but did not 
present the clinical picture of an acute polyarthritis. Hemolytic 
streptococci were cultivated from the fauces and from the con- 
junctival secretion. 

Moderate glandular swellings, mostly of the cervical glands, 
were commonly found. Swelling of the spleen was not noted in any 
of the cases. In 7 cases symptoms from the nervous system ap- 
peared, namely, in four cases meningism wth normal cerebro- 
spinal fluid, in one case benign lymphocytary meningitis, in one 
case zoster and in one case polyradiculoneuritis. 

One case had a fatal issue. The patient was a 6-year-old girl 
with bullar exanthema and severe symptoms from mouth, nose 
and eyes who died after four days’ illness and in whom autopsy 
revealed pneumonia in the lower lobe of the left lung. Both parents 
had syphilis, but the Wassermann test was not applied to the 
child. No signs of congenital syphilis were found. 

In Scandinavia a fatal result from E. multiforme seems to be 
extremely rare. Jersild had one death among 26 patients, Chris- 
tiansen one among 12 severe cases. 


Sedimentation Bate and Blood-Pindings. 

In the great majority of the cases the sedimentation rate was 
increased, sometimes very considerably. In 56 out of 179 patients 
the highest SR value noted during the illness was below 20 mm. 



BEYTHEMA EXSUDATIVUM MULTIEORMB. 

in 69 cases it was over 60 mm, and in 23 of tlieso it was 100 mm 
or more. In tlie first week tlie SR is often seen to rise, sometimes 
also in the second week, even if the symptoms are subsiding. The 
high values of 100 mm or more were specially characteristic for 
the patients with combined E. m. and E. n. (11 out of 55), while 
only 3 out of 65 patients with mucous membrane symptoms from 
the mouth and the genitalia showed such high values. In the small 
group of 15 patients wth eye affection alone 7 had a sedimentation 
rate of 100 mm or more, including 4 with over 120 min. 

In case of E. nodosum Rotnes found among 181 patients only 
6 Avith SR above 100 mm, and 4 of these had combined B. m. and 
E. n. In his material of 185 patients with E. nod. Lofgren found 
an SR of 100 mm or more in 25 cases (13.5 per cent). Likewise 
here it is remarkable that of his 7 patients with combined E. m. 
and E. n. 5 had SR above 100 mm. 

Even if we make reservations on account of the small figures, 
these findings speak towards the possibility that the combination 
of E. m, and E. n. entails a greater rise in the SR than E. m. or 
E. n. alone. 

On other examinations of the blood there was found little of 
diagnostic importance. Anemia seems to be a rare occurrence 
even in the most severe forms of erythema. As regards the colour- 
less blood corpuscles, 5 patients had a total number of 4,0()0 or 
less, 18 had 12,000 or more, while in 122 patients the figui'cs lay 
between these values. Patients with leucopeuia showed granu- 
locytopenia, with a fall of down to 600 granulocytes per emm in 
one single case. Indubitable eosinophilia (400 eosinophile granu- 
locytes or more per emm) was found in 19 out of 110 patients 
examined, and in 2 of these the count was over 1,000, the highest 
value being 3,300. 

These different hematological findings showed no characteristic 
distribution among the separate groups. Two patients had throm- 
bopenia, in both cases together udth hemorrhagic exanthema. 


nummary. 

The material includes 219 cases of er}i;hema exudativui 
multiforme. 80 presented at the same time affections of the mucoi 
membranes 56 showed beside a typical erythema multiforme ak 
Mer nodules on the legs resembling those seen in erythema nod( 

bU.lJjL, 

4 ^82174, Ada med, scandinav. Vol, CXXXI. 
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It is hardly justifiable ou the basis of the aspect of the exan- 
thema to establish separate, distinctly limited groups. 

The age distribution curve shows a maximum in the ages froin 
20 to 40 years. With regard to sex, the males preponderate in the 
age group 0—20 years, the females, are decidedly in the majority 
in the other age groups. In the cases with mucous-membrane- 
affections there are about equally as many females as males, 
whereas in the group with combined E. multiforme and E. nodo- 
sum 95 % are females. 

In 22 % one or more recurrences had taken place, more often 
in the cases with affection of mucous membranes (40 %)■, than 
in the combined group (2 %). Prodromal symptoms on the con- 
trary were more frequently found in the latter group (2/3, mostly 
joint pains),' than in the former (1/3). 

The frequency of affections of the different mucous membranes 
is discussed. In 3 cases the clinical picture of a primary, atypical 
pneumonia was observed. The stomatitis corresponds to what is 
seen in. aphthous stomatitis. In the cases with affections of the 
mucous membranes the eye affections always corresponded to 
catarrhal, bullous or purulent conjunctivitis, whereas in the group 
with combined E. multiforme and E. nodosum episcleritis was 
found in the half of the cases with eye affections. 

Transitory proteinuria was noted in 16 cases, acute hemor- 
rhagic nephritis in one. In 7 cases symptoms from the nervous 
system appeared, with one case of polyradiculoneuritis and one 
case of choriomeningitis. 

One case had a fatal issue. 

The sedimentation fate showed in 23 of 179 cases figures above 
100 mm , after 1 hour. The high figures were especially charac- 
teristic of the cases with combined erythema nodosum and 
erythema multiforme. No information of value was obtained 
from hematological examinations. 
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Mediastiiiitis Anterior Ciironica. 

By 

Dr. A. J. M. LOHMAN. 

(Submitted for publication October 2, 1917.) 


About one year ago Natban and Datbe^ described eight cases of 
pericarditis exsudativa in American soldiers. The illness began 
with a more or less serious serositis of the upper bronchial tube. 
In addition the patients complained of retrosternal pains and in 
five cases pericardial friction tub could be observed. Pericardial 
puncture was performed. The exudate, containing leucocjdes, 
proved to he sterile also at a caxia-test. This pericarditis dis- 
appeared spontaneously, but substernal complaints continued for 
a longer or shorter period. In considering the pathogenesis of this 
condition they emphasize the proximity of tlie hilar lymph nodes 
to the pericardial sac. In explanation they invoke a hypersensitive 
response by the pericardium to an offending organism. 

They do not report how this pericarditis originates, viz. 
whether it is hematogenic or lymphogenic; whether it develops 
from the heart or from the surrounding mediastinum. As this 
pericarditis follows upon an acute tracheobronchitis or phar- 
yngitis (according to Coruing= and BraunHhe trachea and bronchi 
ate situated in the somewhat vaguely delimited mediastinum 
anterior) it is probable that, first of all, a slight inflammation of 
the mediastinal tissue originates via peribronchial and peritracheal 
lymph vessels and lymph glands, which, depending on the manner 


! Bjcb- A. Bathe, Amer. Heart J, 31, 115; 194G. 

- Corning^. K., Lehrbuoh der Topograpliischen Anatomio, 1915. 
Braun, W., Topograf. anat. Atlas, 1924. 
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of sjireacling, causes cither a mediastinitis anterior via lympho- 
glanclulac sternales or a mediastinitis posterior (rare). This in- 
flammation extends to the visceral pericardium aided by the 
gravitation,^ the lift-and-force-pump action of the heart, = and the 
coughing and the pressing of the patient.^ Thus the retrograde 
transport takes place. This peri-peticarditis irritates the \dsceral 
poricard and a pericarditis exsudativa results from an excessive 
secretion. In the same -vvay a mediastinitis doxtra or sinistra 
can originate by a sidelong descent of the inflammation with a 
successive plcuritis mcdiastinalis (Corning). A liematogenic or- 
igin of the pericarditis exsudativa is improbable. It cannot be 
assumed that the transport takes place along the tracheo-hron- 
cliial l)’’mph vessels, the truncus bronchomediastinalis dextra or 
the ductus thoracicus to the angulus venosus and along the vena 
subclavia and the vena cava superior to the right heart, because 
there arc no signs of myocarditis. 

Assman* describes some cases of pm-ulcnt mediastinitis super- 
ior, which were rocntgcnologically and autoptically confirmed, 
following an acute trachco-bronchitis or after perforation of the 
tracheal wall by corpora alicna. In one case the formation of gas 
was observed in the mediastinum anterior as a result of con- 
tagion by putrid bacteria. Schinz^ too, gives some examples 
of such ftSenkungsabsccsso. v. Delm“ and Lorcy^ likewse 
observed some cases of mediastinitis anterior acuta and they point 
out the difficulties of a differential diagnosis with regard to 
tumors, thymus-hyperplasia etc. in the mediastinum anterior. 

Nathan and Dathe put the question in their article referred to 
above, whether these clinically not very clear cases of pericarditis 
exsudativa might not be the cause of the local (or total) adhesive 
pericarditis which is sometimes found at autopsy (Smith and 
Willius®), whereas there was no evidence in the anamnesis cither 
of tlie causative factor or of the pericarditis. 

So it appears that the pericarditis and the attending inedias- 
tiuitis anterior pass in many cases practically without any symp- 
tom and that only an accurate and systematic examination in 


^ David A. Nallmn and Rich. A. Datlio, Amcr. Heart J. 31, 115, 1946. 
- Corning, H. K., Lohrbiich dor Topografisolion Anatomic. 1916. 

’ Braun, \V., Topogrnf. anat. Allas, 1924. 

* Assman, H., Klin. Roentgendingnostiek, F. Vogel, 1934. 

‘ Scliinz, H., Dtsch. Z. Chir. 179, 1929. 

« V. Dohn, W., Borl. Klin. Wsobr. 480, 1910. 

’ Lorey, P., 8. Roontgenkongress. 

» Smith, H. L., and Wiliius, F, A., Arch. Int. Sled. 50, 410, 1932. 
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Fig. I. 

a: sagittal rocnfgcnograin of a normal man. 

1): tlie same for a normal woman. 

Heart axis TS— AA forms diagonal in irapezinm PQRS. 

The sinus diaphragmatica anterior is free and forms an angle < 90°. 
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suspicious cases will result in the discovery of pericardial and 
mediastinal disturbances. Symptoms of the final remnants may 
be shown by kymography of the heart (Berner^) or by tomo- 
graphy (Juzbasic- and Berner) or planigraphy and by cross- 
aimed thoracal X-ray films of the mediastinum anterior. 

In the past six years we have devoted a systematic study to the 
mediastinum anterior. The danger of incorrect interpretation of 
the X-ray films proved to be considerable, the more as on ac- 
count of insufficient data for comparison, a correct appreciation of 
the roentgenograms obtained was difficult. 

After the sternum, rib cartilage and m. transversus thoracis, 
have been removed the mediastinum lies free. The arteriae and 
venae mammariae intt. lie against the inner thorax wall outside the 
mediastinum against the costal pleura. They give blood vessels to 
the thymus and the fatty tissue of the mediastinum anterior. In the 
upper part behind the manubrium sterni the fat- and connective 
tissue is immediately connected to the periost. At the height of 
the 3rd and 4th rib cartilage the two edges of the pleural cavity 
are nearly connected, so that there is mostly a narrow slit. At the 
level of the sinus phrenico-costalis the anterior mediastinum 
becomes wider and forms a more or less wide retrosternal resp. 
-xyphoidal cavity which is filled up with connective tissue. 

At an aimed roentgen examination the target ray must pass 
through the sternum of the mediastinum anterior. We can ob- 
serve: 

а. Manubrium sterni, corpus sterni and processus xyphoideus 
r un in a slightly curved line of which the connective line runs 
parallel to the front of Th* — Thg. 

б. The anterior sinus diaphragmaticus forms an angle of < 90° 
between the back of the sternum resp. proc. xyphoideus and the 
diaphragm. 

c. In deep inspiration this sinus appears to protrude far be- 
neath the apex of the proc. xyphoideus. 

d. The facies articularis of the manubrium and the corpus 
sterni form two parallel lines. 

e. The proc. xyphoideus proceeds centrally from the sternum 
and extends in the direction of the corpus sterni. 

/. The cavity of Holzknecht formed by the right atrium (A. t. d.) 
the front of the spinal column and the diaphragm is triangular. 

1 Berner, L., Sch.v'. med. Wsohr., 12, 256, 1946. 

“ Juzbasifi, D., Sciiw. med. Wsohr. 12, 256, 1946. 
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g. The axis of the heart (Vs— AA) forms the diagonal of the 

quadrangle PQBS. , . . i • a 

h. The m. transversus thoracis, the fascia endothoraoica and 

the retrosternal connective tissue form an equally narrow border 
running parallel to the sternum, which is clearly marked oft 
against the adjoining heart. 

i. On the front-backward X-ray picture of the thorax the angle 
between the diaphragm cupola and the heart is < 90°; The cen- 
trum tendineum is not raised. This last point is extremely im- 
portant for the differential diagnosis! 

In the course of six years we have had the opportunity to study 
five cases of mediastinitis anterior chronica more closely and we 
believe that the above mentioned origination viz. as a result of 
an acute tracheo -bronchitis of pharyngitis (a. o. influenza) as in 
the cases of Nathan and Dathe must be considered as being 
likely or certain. We could study the final results, caused by the 
formation of adhesions and the ensuing shrivelling, bothroentgeno- 
logically and microscopically. Said miters described the first acute 
'phase; xce observed the rest-phenotnena. As in some cases, which 
have thus far been recorded as »cardiac neurosis)) on account of 
the absence of objective phenomena at the usual examinations, 
a special technique shows objectively perceptible anomalies, it 
is possible to recognize these cases of )>cardiac neurosis)) as organic 
diseases which is in the interest of patients (simulation, hys- 
teria!). 


We studied a total of five patients; 2 men and 3 women be- 
tween 27 and 65 years. 

In all these cases the history proves to be characteristic. The 
illness sets in acutely with the symptoms of influenza, attended 
by coughing, high fever and oppression on the middle of the 


chest. These acute symptoms soon disappear. After that, the pa- 
tients keep on complaining more or less of an oppressive pain 
behind the sternum, not radiating to the shoulder or left arm, of 
being easily tired, and of increasing complaints upon exercise which 
disappear when they rest. After some months a »pseudo-funnel- 
chest)) may develop, by which we mean the gradually increasing 
deepening of the small sac under the angulus costarum by an 
inward retraction of the proc. xyphoideus as a f esult of the shxiv- 
elbng of the retro-sternal, resp. retro-xyphoidal connective tissue 

IL .r Tf “ distinguished 

m the real funnel-ehest or shoemakers-chest, such as we can 
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Fig. n. 

Case I: 65 years old, fine >psendo> funnel chest, adhesive thickening behind 
the proc. xyphoidcns. On the A. — P. Roentgenogram no anomalies. 

Case II: 34 years old, thickening behind the proc. sj-phoidens. Elevated 
sinns diaphrngmnticns anterior. 

see with patients with old rickets or as a symptom of the status 
dysrhaphicus. 

Case I: Woman of 65 has been complaining for 7 years of an oppres- 
sive pain behind the sternum. At the time the complaints originated 
after an »influenza», attended with high fever, shortness of breath and a 
feeling of oppression at deep respiration . When she exerts herself the com- 
plaints increase, when she rests they disappear. No cardiac pulsations, 
no radiation to the left arm. The heart-sounds are normal. Typical 
pseudo-funnel-chest acquired later on. Blood pressure 200/95; sedi- 
mentation rate 13 — 37 mm; reaction of v. Pirquet: negative; reaction 
of Wassermann: negative. Koentgenogram of the thorax (sagittal): 
manubrium and corpus sterni form an angle of < 180°. The facies 
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aiticulaxis diverge in front;. The proc. xyphoideus is drawn in. The 
anterior sinus diaphragmaticus is about 90° and drawn up to the'pioc 
xyphoideus. The quadrangle PQRS has been deformed to a trapezium 
with the smaller side to the diaphragm. The articulation of the proc 
xyphoideus has been moved backwards. The front of the triangle of 
Holzknecht has been overturned forwardly and runs parallel to the 
spinal column. The heart axis no longer forms the diagonal in the 
trapezium, but stands J_ on the basis; the retrosternal resp. re- 
troxyphoidal tissue is thicker. On the frontal X-ray film of the thorax 
there are no changes Worth mentioning. Electrocardiogram: apart from 
a slight notching of the QRS-complex and a high Rii there Were 
no changes to be seen; 

Case II: Man, 34 years, had influenza 4 Weeks ago. Since the second 
week he complains of a pain on the middle of the chest and in the 
beginning he could not breathe very well. The patient is easily tired 
and is worried about his heart (angina pectoris? !). Blood pressure is 
130/80. The heart sounds are normal. Sedimentation rate 13 — 27 mm. 
Reaction of v. Pirquet is negative. The reaction of Wassermann is 
negative. Roentgenogram of the thorax (sagittal): manubrium and 
corpus sterni form an angle < 180°. The facies articulares diverge in 
front. The anterior sinus has been raised to the proc. xyphoideus and 
forms an angle of 90°. At the back of the proc. xyphoideus there is a 
thickening of the retrosternal, resp. retro-xyphoidal tissue to be seen. 
Electrocardiogram: no changes worth mentioning. 

Case III: Man, 42 years, had an acute tracheo-bronchitis 6 V 2 months 
ago, followed by an oppression on the middle of the chest, especially 
when exerting himself; even when he rests the feeling of oppression 
remains. He is easily tired. Pain irradiates to the scrobiculum cordis 
and to the right. There is no connection with breathing. Blood pres- 
sure: 135/95. Once a pericardial friction rub Was observed!! The 
heart sounds are slightly distant. Sedimentation rate 20 — 38 mm. Reac- 
tion of V. Pirquet is -j — r ! Reaction of Wassermann: negative. Roent- 
genogram of the thorax (sagittal): the anterior sinus has disappeared, 
the diaphragm has been drawn to the proc. xjrphoideus Which has been 
shifted and bent backward; on the frontal side the heart is adherent 
to a large extent. The heart axis stands J_ in the diaphragm. The triangle 
of Holzknecht is high. At the back of the proc. xyphoideus large sha- 
dows can be seen which increase downwards. The basis of the quadr- 
angle PQRS has become smaller by the shifting of the proc. xyphoi- 
deus towards the spinal column. Electrocardiogram: no changes 
Worth mentioning. 

Case IV: Woman, 37 years, has complained for 3 years of an index- 
ing pain and oppression on the middle of the chest, which when she 
exerts herself radiates to the right and to the scrobiculum cordis. At 
that time she had gone through acute illness attended with 
coughing. Blood pre.ssuie is 145/90. Heart sounds are normal. Sedi- 
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of the chest no anomalies can be seen. Electrocardiogram; no chances 
■Worth mentioning. 

Case F: Woman, 53 years, has complained of a pain on the middle 
of the chest for more than 6 months; especially at night she fools very 
much oppressed. She becomes easily tired. Pain does not radiate to 
shoulder or left arm, no connection -with the respiration. Blood pressure 
is 160/100. Pulse is irregular on account of extrasystoly. The heart 
sounds are somewhat muffled, but otherwise nothing remarkable. The 
beginning of a funnel chc.st. Sedimentation rate i — 9 mm. Eeaction 
of V. Pirquet is positive. Reaction of Wassermann negative. Roent- 
genogram of the thorax (sagittal): manubrium and corpus sterni form 
an angle of < ISO'. The proc. xyphoidcus points backward. The heart 
axis is bent forward and almost _L diaphragm. In front the heart 
adheres to a large extent to the corpus sterni. Retrosternally the shadow 
of the mediastinum becomes thicker downwards. On a frontal roentgeno- 
gram no anomalies can be seen. Electrocardiogram; P somewhat ■wi- 
dened; Q absent in all three derivations, .slight notching of the QRS- 
complex, .slight deviation of ST in all three derivations; a ventricular 
extra systole. 

Table I. 
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The uniformity of the above mentioned case histories is striking 
and characteristic. Three of the five patients came to ask whether 
they had a heart disease. One of them had made his own diag- 
nosis: angina pectoris (No. II)!! 

In case III we thought the best course would be an operative 
treatment. The seriousness and the increase of complaints, the 
objective certainty’’ of precordial deformations and the fact that 
from additional clinical data it might be assumed that the causa- 
tive process had come to a rest (temperature, blood picture, sedi- 
mentation rate, general condition of the patient and electrocardio- 
graphic investigation) justified this intervention. On Sept. !!• 
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1946 the patient was operated (Brandsma). The abbreviated opera- 
tion report runs as follows: Medial incision across the corpus 
sterni and the pfoc. xyphoideus. The proc. xyphoideus lies in 
one cm deeper level inwards and is bent in the direction of the 
spinal column. The 4th, 5th, 6th rib are cut on both sides. The 
sternum is sawed through and removed together with the proc. 
xyphoideus. At section the typical ba 5 mnet-shape can be seen 
(see fig. III). 

The mediastinum anterior appears to be filled up with a very 
tough connective tissue B/s cm thick. The parietal pericardium 
is opened. Under some pressure too much clearly yellow liquid 
appears. There is no syncrctio pericardii. Closure of the pericard 
with silk stitches. Closure of the mediastinum. 

The pericardial liquid proves to be sterile at a culture test. At 
microscopic examination of the retrosternal tissue the following 
data were revealed (IVijers): 

Microscopically tendinous tissue with hyalinisation of the connec- 
tive fibrils and on one side a small piece of bonetissue can be 
seen. Between the tendinous connective tissue and the periost we 
find oedematous connective tissue with protein precipitations and 
a slight infiltration of polynuclears andlymphocjdes. Here there is 
a (so called ftalbuminousD) periostitis. No evidence of tuberculosis 
is found. 

From the above we may conclude that in the mediastinum 
anterior, a chronic, non specific inflammation existed, which 
caused a retro-position and the inward bending of the proc. 
xyphoideus (reclinant position). A close study of the resected 
part of the sternum showed that this position must be considered 
as being acquired. This corresponds with the patient’s statement 
that the pseudo-funnel chest is of a recent date. Concerning the 
differential diagnosis the first thing to pay attention to is the 
pleuritis intcrlobaris dextra between the mid- and under lobes. 
On the frontal X-ray picture of cases of chronic proliferative inter- 
lobular pleurisy usually no sufficient shadows are visible. On the 
sagittal photo, however, a shadowed sinus diaphragmaticus can be 
seen which continues, however, in an oblique line upward in the 
lower interlobium (see fig, V a). 

Comparative examination have shown that the proc. xyphoi- 
deus can be, congenitally, placed more backward as it sometimes 
occurs in the status dysrhaphicus and sjuingomyely (in which 
these deviations are sometimes familiar). The pseudo-funnel chest 
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of spreading, causes either a mediastinitis anterior via lympho- 
glandulae sternales or a mediastinitis posterior (rare). This in- 
flammation extends to the visceral pericardium aided by the 
gravitation, i the lift-and-force-purap action of the heart,- and the 
coughing and the pressing of the patient.^ Thus the retrograde 
transport takes place. This peri-pericarditis irritates the visceral 
pericard and a pericarditis exsudativa results from an excessive 
secretion. In the same way a mediastinitis dextra or si nis tra 
can originate by a sidelong descent of the inflammation with a 
successive pleuritis mediastiuabs (Corning), A hematogenic or- 
igin of the pericarditis exsudativa is improbable. It cannot be 
assumed that the transport takes place along the tracheo-bron- 
chial lymph vessels, the truncus bronchomediastinalis dextra or 
the ductus thoracicus to the angulus venosus and along the vena 
subclavia and the vena cava superior to the right heart, because 
there are no signs of myocarditis. 

Assman* describes some cases of purulent mediastinitis super- 
ior, which were roentgenologically and autoptically confirmed, 
following an acute tracheo-bronchitis or after perforation of the 
tracheal wall by corpora aliena. In one case the formation of gas 
, was observed in the mediastinum anterior as a result of con- 
tagion by putrid bacteria. Schinz“, too, gives some examples 
of such ftSenkungsabscessei). v. Dehn® and Lorey’ likewise 
observed some cases of mediastinitis anterior acuta and they point 
out the ■ difficulties of a differential diagnosis with regard to 
tumors, • thymus-hyperplasia etc. in the mediastinum anterior. 

Nathan and Dathe put the question in their article referred to. 
above, whether these clinically not very clear cases of pericarditis 
exsudativa might not be the cause of the local (or total) adhesive 
pericarditis which is sometimes found at autopsy (Smith and 
AVillius®), whereas there was no evidence in the anamnesis either 
of the causative factor or of the pericarditis. 

So it appears that the pericarditis and the attending medias- 
tinitis anterior pass in many cases practically without any symp- 
tom and that only an accurate and systematic examination in. 

^ Djivid A. Nathan and Bich. A. Datho, iVjuer. Heart J. 31, Ho, 19-10. 

= Corning, H. K., Lehrbuch dor Topografischen Anatomic. 1915. 

^ Braun, W., Topdgraf. anat. Atlas, 1921. 

Assman, H., Klin. Boontgendiagnostieb, B. Vogel, 1931. 

» Schinz, H., Dtsch. Z. Chir, 179, 1929. 

. ® V. Bohn, W., Berl. Klin.. Wsebr. 480, 1910. 

• Lorey, P., 8. Boontgenkongress. 

> Smith, H. L., and WiUius, F. A., Arch. Int. Med. 50, 410,. 1932. 
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pointed out tlie difficulties at the examination of the X-ray 
films obtained from sagittal roentgenograms of the chest. Part 
of the cases of »heart neurosis*) in which with normal routine 
no changes are found, can be explained by the syndrome of 
mediastinitis anterior chronica. 


5 5S2J7//, Acta mcd.scandiuav. VoL CXXXl. 



Actn Medica Scandinavica. Tol. CXXXI, fasc. I, ' 


(From Odense County and Town ' Hospital, Medical Department 
Denmark. Chief: K. Schroeder M. D., and the Biochemical ’ 
Department of the Central Laboratory, Chief: J. C. Jespersen, 
hospital pharmacist.) 


Titration of Serum with Mercuric Chloride 
Especially in Liver Affections. 

By 

TAG-E GEINSTED. 

Odense. 

(Submitted for publication October 2, 1947.) 


In continuation of a work published in 1946 (2) an account 
is to be given here of the titration of serum with mercuric 
chloride. 

In 1935 Jakobson demonstrated that sera from patients suffering 
from myelomatosis gave a vigorous precipitation by addition of 
Hayem’s fluid (2 % sodium sulphate, 1 % sodium chloride and 
0.25 % mercuric chloride). Later Gros (4) demonstrated that by 
addition of Hayem’s solution to sera, first a reversible and later an 
irreversible precipitation of proteins occurred. A comparison with 
the Takata-Ara reaction which also involves protein precipita- 
tions in connection with the addition of mercuric chloride, gave a 
very close agreement between the two reactions in the way that 
the more vigorous a positive Takata-Axa was the more quickly 
did the precipitation occur by addition of Hayem’s solution. 

On basis of these observations Gros worked out his titration 
method: to 1 ml of serum Hayem’s solution is added drop by drop 
for the determination of the lower limit of the reversible pre- 
cipitation. The serum used is always fresh serum, as he demon- 
strated a quicker precipitation to occur with serum which has 
been standing for some hours. 

By means of this titration he examined 120 Takata-Ara positive 
sera and found that 116 of them gave initial precipitation by the 
addition of from 1 to 10 drops. Of 530 Takata-Axa negative sera 
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tlie 502 showed a lower precipitation limit by the addition of 
abt. 2.5 ml. The remaining 28 sera, on the other hand, showed a 
lower precipitation limit ranging from 4 to 10 drops, but a further 
examination of the latter category of cases gave the result that 
the sera were mainly sera from patients with, hepatitis, and he 
offered the explanation of the lower values of these sera that the 
changes in the sera were not yet so pronounced as to give a posi- 
tive Takata-Ara reaction, yet vigorous enough to give a clear 
lowering of the lower precipitation limit by the titration. Later it 
proved in fact, that the precipitation limit rose again on the clin- 
ical improvement of the condition. Gros therefore was of the 
opinion that by titration of scrum noth Hayem’s solution he had 
found a better, and more accurate method than the Takata-Ara 
method for the evaluation of damage to the liver parenchyma, 
and he also emphasized the simplicity of the titration method, 
its speedy performance and simple manner of recording the 
strength. 

These examinations were later confirmed by Vischcr (15) in 
1941 and, in part, by Bjorneboe (1) in 1946. 

The titration method was later modified by Stoltc (13) in 1940, 
the sodium sulphate hamng been left out as unnecessary. He used 
Vs mi serum (not over 3 hours old) to which is added 1 ml 0.9 % 
sodium chloride after which it is titrated with a 0. 1 % mercuric 
chloride solution. 

By this method the lower precipitation limit of normal sera 
was found to be l.G ml or upwards. Otherwise the results fall 
in line with those of Gros’s titration with Hayem’s solution. 

T. Hafstrom states in 1944 (7) by means of tlie same titration 
on 200 sera to have found the following values: normal 1.2 — 2 ml, 
cirrhosis of the liver O.G— 2 ml, hepatitis 0.8— 1.4 ml. 

By examinations carried out in 1940 tlie author (2) confirms the 
examinations made by Stolte, demonstrating a close agreement 
to exist between the results of this titration and the Takata-i\ra 
reaction. 

In the titrations with merciu’ic chloride precipitations of 
protein in serum are brought about by the addition of mercuric 
chloride in a salty solution, but it has not been established with 
certainty which factors are of decisive importance for the degree 
of the precipitations. Staub and Jezlcr showed that changes in 
the composition of the serum proteins are necessary in order to 
produce a positive reaction, and numerous authors have sub- 
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scribed hereto. Especially the alburain/globulin quotient in serum 
is indicated to be of importance, a positive reaction being claimed 
to depend on a low quotient. Gros and de Tries have, however 
established that this quotient is not solely decisive for the re- 
action as they have both of them reported cases with a very low 
albumin/globulin quotient and negative Takata-Ara reaction. 
Several authors hold the view that also other substances may 
influence the reactions, as e. g. acetone bodies, fatty acids, heparin, 
lecithin and cholesterol, but this view has not been confirmed 
by later investigators. It must therefore be taken to have been 
established that the serum protein changes are of decisive impor- 
tance for the outcome of the reactions. 

Ucko (14) holds that qualitative changes of the albumin may 
influence the reactions, but conclusive proof hereof has not been 
established. Gros and de Vries demonstrated that certain globulin 
fractions are able to promote the reactions and that others are 
able to inhibit them. De Vries (16), therefore, on basis of several 
examinations, arrives at the conclusion: 1) there is a connection 
between the strength of the reaction and the decline in the content 
of albumin; 2) an increase in the globulin content is no guarantee 
for a positive reaction; 3) an increase of globulin with a positive 
reaction is due to an increase in the content of euglobulin or 
pseudoglobulin I; 4) globulin increases on account of pseudo- 
globulin II increases do not give a positive reaction, on the con- 
trary they seem to inhibit the reaction, acting as a protective 
colloid for the precipitation. 

In Bjorneboe’s work from 1946 (1) this view seems to be sub- 
stantiated in a convincing manner, first of all an only fairly good 
agreement being demonstrated to exist between the albumin/ 
globulin quotient and Takata-Ara and Gros’s titrations, and this 
is explained on the assumption that the precipitations, which are 
due to a combination of Hg and globulin, occur the sooner the 
smaller the amount of protecting colloid contained in the serum, 
i. e., albumin and pseudoglobulin II. 

Accordingly it is clear that the Takata-Ara reaction and tbe 
mercuric chloride titrations cannot be specific tests for a certain 
disease, but may become positive in all diseases which may 
bring about the above mentioned changes in the serum proteins. 
This is the case e. g. in parenchymatous liver lesions, pulmonary 
tuberculosis, nephritis, lymphogranuloma inguinale, myeloma and 
sepsis. 



TITIIATIOK OF FF.RUM ^VITII MERCUBIC CHLORIDE. 



Fill. I. 300 cnsc.s of double determinations with mercuric chloride titration 

of serum. 


The tccliiliquc ciitploycd in the present investigation is the mo- 
dified Gros tilrniion given by Stolte: 

The substances used arc; mercuric chloride 0.1 %, sodium chlo- 
ride 0.1) %. To V* dU serum in an ordinary test tube (diameter 
nbt. 15 mm) 1 ml 0.0 % sodium chloride is added. Next titration 
is made with the 0.1 % mercuric chloride solution (from a 2 ml 
pipette fixed on a stand, divided in 0.01 ml) drop after drop in 
quick .‘^iiccc.s.sion until an initial reversible precipitation appears, 
thereafter, slowly, drop-b 3 '-drop titration until permanent tur- 
bidity. The titration value is recorded directly ns the number of 
ml of mercuric chloride used in the titration. 

In the positive rcnctioms the precipitation sets in very suddenly 
so that tlicrc can be no doubt about the titration figure; in the 
case of the negative reactions the precipitation appears gradually, 
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Fig. 2, 130 cases of ovra titrations compared -with titrations made by 2 

assistants. 


and in the latter case it may be somewhat difficult for the in- 
experienced person to judge when the titration should be con- 
cluded. Consequently it may be useful to fix this limit somewhat 
more exactly and I have done that in the following manner: 
continue titration until beginning turbidity, then wait for Va 
minute and now try whether it is possible to read ordinary-sized 
print through the turbidity; if this is not possible, the titration is 
concluded; otherwise continue imtil this happens. With only slight 
experience this procedure should, however, be superfluous. 

In the case of a greater turbidity in the serum the titration should 
be given up, but this has very rarely occurred in the material 
here dealt with, despite the fact that titration has been made on 
several hundred specimens of sera. 

In order to determine the accuracy of this titration with mer- 
curic chloride I have in all titrations had the determinations 
made in duplicate, and for 300 cases these results have been 
plotted in a coordinate system as shown in Kg. 1. 



rurati'on on 2 V hour old serum 
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Fig. 3, Comparison between merouric chloride titration on fresh and on 24 

hour old scrum (67 cases). 


It will be seen that the titration deviations by tlie determina- 
tions in duplicate are only sliglit, and with tbe limitation i 0,10 
only a very small number of titrations will fall outside tbis area, 
in tbe case of tbe low positive values even as little as one, whereas 
in tbe case of tbe bigb negative values tbe dispersion is sbgbtly 
greater. 

In order not to let subjective conditions influence tbe results 
II have bad two laboratory tecbnicians titrate tbe same sera 
simultaneously and these results have been compared with my 
own titrations as shown in Kg. 2. 

Tbe deviations here do not seem to differ from tbe determina- 
tions in duplicate any essential degree. 

Gros (4) and later Stolte (13) indicate that it is necessary to use 
fresh sera (Gros: not more than 12 hours old, and Stolte: not more 
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than 3 hours old). I have therefore in 67 cases attempted titration 
of entirely fresh serum and compared the result with a titration 
made 24 hours later. The results are shown in Kg. 3, and again 
here there are no certain deviations from the values found at the 
determinations in duplicate. Thus I have not been able to con- 
firm the investigations made by Gros and Stolte. 

As normal values in this titration with mercuric chloride 
Stolte (13) has, on a material particulars of which are not given, 
given values from 1.6 upwards, and Hafstrom (7) indicates values 
from 1.2 to 2.0. By an examination on 92 sera from normal 
subjects I have found the conditions to be approximately the same 
as those found by Stolte. Kg. 4 shows the distribution and it will 
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be seen that the values fall between 1.4 and 2.3, or to be more 
exact, between 1.47 and 2.24, for which reason I consider it to be 
most appropriate with the accuracy found of the titrations to 
state the normal values as lying between 1.5 and 2,2, The values 
are distributed with the peak around 1,95 and with an average 
titration value of 1.85. 

An examination of the normal values shows no difference be- 
tween the two sexes, the average titration value for 41 normal 
women being 1,87 and the average value for 51 men 1.87. Nor 
does age seem to have any influence on the titration, the average 
titration values for the age groups being as follows; 10 — ^20 years 
(15 persons) 1.85, 20—30 years (24 persons), 1.85, 30—40 years 
(18 persons) 1.84, 40 — 50 years (18 persons) 1.75, 50 — 60 years 
(8 persons) 1.84, 60 — ^70 (9 persons) 1.89, 

The mercuric-chloride titration and the Takata-Ara reaction 
are, as already mentioned, positive in various diseases, but it is 
above all in liver affections that they have been employed as an 
aid in the clinical work. In these lesions the tendency is towards 
pathological values in parenchymatous jaundice and normal 
values in obstructive jaundice. As has already been mentioned, 
the results vary greatly, probably depending on the highly dif- 
ferent patient -materials employed in the investigations. 

The patients with liver diseases are here divided into 4 groups: 
1) the hepatitis group, which again is subdivided into 3 degrees, 
the mild cases of hepatitis with a duration of illness of less than 4 
weeks, moderately severe cases of hepatitis with a duration of 
illness exceeding 4 weeks and, finally, the severe cases which show 
signs of passing into cirrhosis. 2) manifest cirrhosis of the liver 
irrespective of the cause. 3) cholelithiasis with icterus. 4 ) cancer 
of the pancreas with icterus. 

All the cases have been tested regularly with mercuric-chloride 
titration and bilirubin in serum once a week and urobilin in urine 
twice a week (as will be seen from Figs. 6 — 8). For the determina- 
tion of the bilirubin content in serum Jendrassik and Grof’s method 
and for the determination of urobilin in urine Marcussen and Sv. 
Hansen s modification of Schlesinger’s test have been employed; 
as -f are designated positive reactions in the dilution 1 : 10 or 
upwards. 

The outcome of the titration with mercuric hydrochloride 
in all these affections is presented in Table 1. The criterion for 
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Account of titrations with mercuric chloride in lesions of the liver 

and bile ducts. 



Number of 
patients 

Pathological 

titrations 

Normal 

titrations 

No. 

0/ 

/o 

No. 

0/ 

/o 

Hepatitis, acute 

72 

63 

87.5 (91) 

9 

12.5 

0 sliglit 

29 

'22 

75.9 (83) 

7 

24.1 

t> moderate 

19 

18 

94.7 (94) 

1 

5.3 

s> severe 

24 

23 

95.8 (89) 

1 

4.2 

Cirrliosis of the lirer 

14 

14 

100 (iOO) 

0 

0 

Cholelithiasis 

31 

3 

9.6 (11) 

28 

90.4 

Cancer of the pancreas 

5 

0 

0(0) 

5 

100 


I 

3 


normal and pathological titration values used in this tabulation 
is the lowest titration value found in the course of the illness. 

From this tabulation it will be seen that of the hepatitis group 
comprising 72 cases the mereuric-chloride titration shows patho- 
logical values {i. e. < 1.5) in 87.5 % of the cases and that only 
12.5 % present normal values {i. e. ^ 1.6). Thus only 9 cases out 
of 72 show definite normal values and of these 7 are mild cases 
with a duration of illness of about 3 weeks, one case is of moderate 
severity and, finally, one is a severe case which terminated fatally 
and in which the postmortem examination demonstrated hepa- 
titis subacuta, but in which the microscopic examination of the 
liver tissue presented a picture which deviates considerably from 
that usually met with in hepatitis and cirrhosis, and in which it 
is not possible to make a cetain diagnosis by microscopic examina- 
tion. However, the case is included in this group as the clinical 
course was typical of a malignant hepatitis. 

This may give rise to a conjecture that it is possible to estimate 
the severity of the hepatitis directly from the titration value, and 
in order to decide this problem I have, in one figure, presented 
the graphs of the lowest titration values for each particular case 
in the various groups of hepatitis, as shown in Fig. 6. 

From these graphs it is clearly seen that it is not possible 
to read the severity of the hepatitis directly on basis of the 
titration value, still, there is a clear tendency towards low titration 
values in the severe forms, so that a low titration value must 
arouse a certain suspicion of a more serious damage to the liver. 

A really reliable basis for estimating the degree and course of 
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Fig. C. Mcrcunc clilorklo tifr/ition of scrum in different forms of lis'cr niid 

bile duct lesions. 


76 


TA6B GRINSTED. 


fi 

u 

<u 

(a 


c 



Kg. 6, The bilirubin value in serum and mercuric chloride titration of serum 
in a mild cases of acute hepatitis (case No, 353/46). 


the hepatitis is only obtained by following several titration values 
during the course of the illness and observing the changes. In 
order to demonstrate this I have, in Figs. 6 — 8, plotted the curves 
from 4 typical cases which present the values of the mercuric- 
chloride titrations as compared with the bilirubin values in serum 
and the urobilin values in urine. Fig. 6 shows the position in the 
mild hepatitis in which the mercuric-chloride titration values as 
well as the bilirubin values in serum are progressing quickly and 
uniformly towards normal values. In Fig. 7 the position is seen 
to be the same as in the case of the moderately severe hepatitis, 
the progression being only somewhat slower. Fig. 8 shows the 
conditions in a severe case of hepatitis in which the bilirubin 
values rather quickly reached normal values, which induced the 
department to discharge the patient for convalescence despite 
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Fig. 7. The bilirubin value in serum and mercuric chloride titration of serum 
in a case of moderately severe acute hepatitis. 


the fact that the titration with mercnxic chloride showed 
values which remained at a rather low level, or rather, presented 
a slightly falling tendency. The patient was readmitted 2 months 
later in coma hepaticum and died, the titration value was now 
still lower and the bilirubin value high. The latter case demon- 
strates a feature which has made this ward keep these patients in 
bed until not only the bilirubin in the blood and the urobilin in 
the urine have presented normal values, but also till the titration 
with mercuric chloride has shown normal values, or at any 
rate constant values following a rising tendency. We believe 
that after having adopted this course we have observed a decline 
in the number of the very serious relapse cases which may occur 
in these diseases. 

The next group of damage to the liver parenchyma is the 
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Pig. 8. Bilirubin in serum and mercuric chloride titration of serum in a 
case of severe acute hepatitis -v^hicli terminated fatally. 


cirrhosis group, "which comprises all cases of cirrhosis of the^ liver 
irrespective of its origin (the cases mentioned in the hepatitis 
group, however, are not included here). These cases number al- 
together 14, which all of them presented pathological values "with 
a considerable lowering of the precipitation limit, and thus all of 
them showed rather uniform, low titration values, as will be seen 
from Fig. 5. 

Next the groups of icterus caused hy stasis are to be dealt 
with in some detail, first the cholelithiasis group consisting of 31 
cases of cholelithiasis with jaundice. 28 of these presented normal 
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titration values and only 3 presented definite pathological values: 
An examination of the latter cases demonstrated the precipita,tion 
limit is found to be only slightly lowered ( 1 . 30 — 1 . 40 ) and clinic- 
ally the cases do not seem to differ from the other cases described 
in the group, more particularly, the cases have not had a spe- 
cially protracted or violent course, nor have they been associated 
with fever of any great duration. The cases of cholelithiasis thus 
only presented definite pathological values in 9.6 % of the cases, 
while in 90.4 % of the cases the values were normal. 

Finally, 5 cases have been included of cancer of the pancreas 
with gall stasis, which all of them presented normal values. 

For the sake of surveyability the results have been tabulated 
in Table 1 and in Fig, 5 and from these it wiU be clearly seen that 
the titration of serum with mercuric chloride affords a valu- 
able help in deciding whether a jaundice is due to a parenchyma- 
tous liver affection or a gall stasis, a low pathological titration 
indicating a liver affection and a normal value a gall stasis. If 
at the same time the simplicity of the method is stressed,- its 
quick performance and simple way of recording the strength, 
these qualities should warrant its being increasingly used in 
clinical work. 

Hafstrom (7) and Bjorneboe (1) have in contradistinction to 
Gros (5) and Vischer (15) indicated greater correctness with the 
Takata-Aia reaction than with titration with mercuric chloride. 
A comparison between the results obtained in this account with 
the mercuric-chloride titration and an account of the Takata- 
Ara reaction in liver lesions on a quite corresponding material (the 
figures in brackets in Table 1) seems to give the result that there 
is rather close agreement between the results. On basis hereof I 
have thus not been able to demonstrate any great difference in 
the sensitivity of the two reactions. 

Diseases other than liver diseases are, as already mentioned, 
able to bring about changes in the serum proteins with a positive 
outcome of the mercuric-chloride titration; this is thus claimed to 
be the case in pulmonary tuberculosis, nephritis, lymphogranuloma 
inguinale, myeloma and sepsis. The material of these diseases has 
not been large enough to substantiate this, but titration with mer- 
curic chloride of serum from persons arbitrarily chosen from among 
patients who have been admitted to the medical department has 
shown positive reactions to be of rather infrequent occurrence, 
and thus only sporadic positive values are in evidence in febrile 
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conditions. On the other hand it would seem that constant positive 
values are found in the acute rheumatic fever and in chronic 
polyarthritis. 20 cases of rheumatic fever in which blood was taken 
during the febrile stage showed an average titration value of 1.29 
(1.20 — 1.59), and in chronic polyarthritis the average titration 
value for 12 cases was found, even apart from the febrile periods, 
to be 1.30 (1.00 — 1.57). In this connection it should just be 
observed that, as was expected, a constant relation has not been 
found to exist between the sedimentation rate of the blood and 
the titration with mercuric chloride. 

In conclusion it is to be mentioned that Gros and Roussoulis 
(6) have attempted titration with Hayem^s solution on ascitic 
fluid and there found low pathological values in patients with 
cirrhosis of the liver and normal values in ascitic fluid due to 
tumours, nephrosis or cardiac insufficiency. It would seem that 
only a small number of examinations would be required to confirm 
this, as titration with mercuric chloride of 5 cases of ascites due 
to cirrhosis gave an average titration value of 1.10 (0.9 — 1.2), 
whereas 2 cases of ascites due to a carcinoma presented titration 
values of 1.8 and 2.0. 


Summary. 

After a brief historical survey of the titration of serum with 
mercuric chloride, the method employed is described, i. e., the 
titration given by Gros modified by Stolte; to ^/» ml serum and 1 ml 
0.9 % NaCl 0.1 % HgClj is added drop by drop till a permanent 
turbidity appears. 

The normal values are found to be 1.5 — 2.2 ml; the accuracy 
b. 1. In lesions of the liver and bile ducts mainly low pathological 
values are found in the parenchymatous liver lesions with jaundice, 
and mainly normal values in jaundice due to a mechanical ob- 
struction of the bile ducts. Titration with mercuric chloride is 
therefore recommended as a reliable, speedy and easy method 
to aid in making the differential diagnosis between these condi- 
tions. 
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so LADI5LAUS MOSO^'YI UXD ELISABETH OBLATT. 

Untcrsucliungen mit dem Tillniajin’schen Yerfahren lierausstell* 
ten, der Ab-bzw. der Zimalimc des Ascorbinsaiircgehaltcs im uu- 
tersucliten. i\Iaterial zuzusclireibeii sind. 

Bei Benrteilnng des aSTikotinsaureliausbaltes ixmsste beriick- 
siclitigt "werden, dass von 100 ing nacb Bandicr’s Yorscbrift 
peroral cingefulirter Nikotinsaure in 24 Stunden insgesamt 14 % 
ausgcscliieden ivird, ivovon 70 % in den ersten 3 Stnnden er- 
scheint. Hingegen bericliten Ellingcr u. Sbattock in ihrer bereits 
erviilmten Arbeit nacli Belastung von 100 mg nur iiber eine 
-Zunabme der Nikotinsaureausscbeidung nni 4 — 5 mg. binnen 24 
>Stunden, also in nocb geringerem Ycrbiiltnis als in den Untor- 
sucliungen Bandiers. Da jedocli bei Untersuchiing kleincr Mengen 
grosse Feblermogliclikeiten nicbt zu vermeiden sind, batten wir 
parallel mit den Belastungsproben ancb die Bestimnnmg der 
Nikotinsimre im 24-stundenharn obne Belastung ausgefubrt; 
Die Angaben im Scbrifttum weicben aucb bieriiber ziemlicb aus- 
einander. So fanden Pearson u. Winegar, Harris u. Eaymond, 
wie aucb Sivaminatban Tagcsdoscn von 5 — 6, Bandicr solcbc von 
2 — 3 mg. Alle Autoren wie aucb Ellingcr und Sbattock stimmcn 
darin liberein, dass bei Nikotinsauredefizienz die Ausscbeidung 
tiiglicb um 1 rag und nocb darunter gefunden Avird. Bei so -vvider- 
sprccbendcn Angaben des Sebrifttums k'aim somit von cinem nor- 
malen Nikotinsauregebalte des Urins nicbt gesproeben ■\vcrden. 
AYir wandten zur Bestimmung die Anilin-Bromcyan-Mctbodc 
von Pearson und Y^incgar mit dem Stufoapparat von Piilfricb an; 
da jedoeb Bandier naclmies dass von den Nikotinsaurederivaten 
•Nikotinsaureamid, Cozymase, Coenzym und besonders die Niko- 
tinursaure nur nacb Hydrolyse, mit starker Lauge fvir die Be- 
stimmung erfassbar werden, baben wir Pearson und lYinegar’s 
Ycrfabren biermit ergiinzt. 

. Bei Yergleicb der Ergabnisse nacb Belastrmg mit Yitamin Bi 
stcUt sich beraus, dass die an unsercr Klinik iiblicbe Diiit allein 
nacb der Metbode von ]\Iag)’^ar keine Bi-Hypovitaminose verur- 
saebt, ebensowenig enstebt Mangel nacb liingercr Bebandlung mit 
Sulfonamiden. Bei Penicillinkuren baben wdr die Belastung nacb 
Einverleibung von 5 — 5.5 Millionen 0. E. ausgefiibrt, nur ein 
Patient erbielt bei der Untersuebung 11 Millionen Einbeiten. IVio 
v'ir anliisslicb des Vitamins Bg bereits erwabnten, ist infolge des 
verminderten AYertes der derzeitigen Ernabrungsverbultnissc ein 
gcringer Mangel an B^ aucb bei gesunden Menseben zu find on, so 
miissen die am Anfang der Pcnicillindosierung gefundenen Aus- 
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Im Laufe des letzten Jahres konnten wir bei zwei unter Peni- 
oillinbebandltmg stebenden Kxanken solcbe allgemeine Symptome 
feststellen, welcbe mit ihrer Krankbeit keineswegs unmittelbar 
in Zusammenbang gebraobt werden konnten nnd welcbe meistens 
den Erscbeinungen einer beginnenden Bj-Hypovitaminose abnel- 
ten. Im ersten Fall erscbienen in der dritten Wocbe der Beband- 
lung einer an Endocarditis lenta leidenden Patientin — als sie 
bei einer taglicben Dosierimg von 500,000 0. E. im fraglicben 
Zeitpunkt die Gesamtmenge von 11 Millionen 0. E. bereits 
iiberscbritten bat — Extremitatsscbmerzen von ziebendem Cka- 
rakter, Parastbesien, allgemeine Muskelscbwacbe, Appetitlosig- 
keit nnd , patellare Beflexdifferenz, solcbe Zeicben also, die von 
Robinson am 10. — 14. Tage einer experimentellen Bi-Hypovita- 
minose beobacbtet werden konnten. Die Patientin war,.seit.Be- 
ginn der Penicillinbebandlung stets fieberfrei, irgendwelcbe 
I)ecompensationss 3 Tnptome liessen sicb nicbt feststellen, Appetit, 
Ernabrungszustand blieb bis dabin nnverandert nnd das oben 
bescbriebene Bild war mit etwa anatomiscben Veranderungen 
nicbt zu erklaren. Durcb die perorale Darreicbung von taglich 
3x3 mg Vitamin Bi wurde die Verminderung ibrer Bescbwer- 
den nnd das Verscbwinden der Beflexdifferenz erzielt. Wir saben 
nns desbalb veranlasst die von Magyar bescbriebene Vitamin 
Bi-Belastungsprobe dnrcbzufiibren, dnrcb welcbe dann eine aus- 
gesprocbene Bi-Hypovitaminose entdeckt werden konnte. 
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Nacli Vorscliriften des Verfassers werden in vier nacheinander- 
folgenden zweistundliclien Zeitabstsinden je 2 mg Vitamin Bi 
den VersuclispeTSonen beigebraclit und im entspreobenden Urin 
die ansgescbiedene Vitaminmenge bestimmt, Nacb Magyar sollte 
unter nornialen Verlialtnissen 20—25 % der einverleibten Vita- 
minmenge in jeder Periode ansgeschieden werden; die Ausscbci 
dung bleibt wabrend des .ganzen Versucbes konstant bzw. zeigt 
eine unregelmassige Vexmebrung odor Verringening. Im Pall 
einer bestebenden Hypovitaminose steigt von einem niedrigen 
Ausgangspunkte die Ausscbeidung stufenweise empor, well die 
friibex einverleibte Mengc auf vitaminarmere Gewcbe stosst. 
Im rmseren erwabnten Versucb war die Ausscbeidung 7, 9, 15 
bzw. 19 %; die Hypovitaminose wurde somit cinwandfrei fcst- 
stellbar. 

Ein zweiter Patient (subpbreniscber Abszess) crliielt 7,000,000 
0, E., als er iiber abnlicbe Bescbwerden klagte. Ausser den obigen 
Erscbeinungen konnte bci ibm aucb eine bartniickigc Tacbykar- 
die beobacbtet werden. Durcb 16 mg Vitamin Bj, auf vier Tagc 
verteilt, gelang es aucb seine Bescbwerden zu beseitigen. 

Ellinger und Sbattock bebandclten cine leicbte Pharyngitis 
bei einer Pafcienfcin, die friilier mehrmals pellagroide S 3 ’mptome 
aufwies, taglicb mit 7,000 0. E. Penicillin per os; am 10. Tago 
der Bebandlung traten an der Zungc Zcicben auf, die der Jlangel- 
kranklieit der Hunde )>BIack-tongue)) abnelten und welcbo Er- 
scheinungen sicb tatsacblicb nacb Darreicbung von 200 mg Niko- 
tinsaure vollkommen zuriickcntwickelten. Nacb einigen Tagcn 
konnten sie bei der Paticntin mit versucbswcisc per os gegebencn 
Penicillin dieselben Symptome ausloscn, wogegcn das parenteral 
zugefiibrtes Penicillin in dicser Hinsicbt keine IVirkung liatte. 
Der Zustand, welcher iibrigens mit einer mit Bclastungsprobc 
feststelibaren Nikotinsiiuredefizicnz Hfind in Hand 'einlierging, 
wurden von Ellinger und Sbattock als Eolgc der Veriinderung der 
Mund- und Darmflora aufgefasst, abnlicberweise wie es nacb 
Einnabme grosserer Mengen von Succinyl-Sulfatbiazol und Sul- 

foguanidin in mebreren Fallen ebenfalls von Ellinger beobacbtet 
wurde. 

Wegen des immer breiteren Gebietes der Penicillinbehandlung, 
anderseits wegen der sicb stets verlangernden Kuren und grdsseren 
Dosen^ saben wir uns veranlasst sj'stematiscb zu untersuclien ob 
die obigen von uns selbst boobaebteten und die von Ellinger und 
Sbattock besebriebenen Fiille als zufallige Koinzidenzien oder 
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aber als zwangsmassige Begleiterscbeinungen jeder Penicillin- 
beliandlung aufzufassen sind? — Aus tedmiscben Griindea be- 
fassten wir uns zuerst mit Fragen bezuglicli der wasserloslicben 
Vitamine; Veisucbe mit Vitamin K sind im Gange. Zuerst muss- 
ten wir Tins dariiber klar arerden, ob das Penicillin etwa eine un- 
mittelbare Wirkung auf diese Vitamine niclit ausiibt? Es wuiden 
Versucbe angeordnet, wonacb 20 0. E. Penicillin (nack Fleming 
erreicbt sogar das intravenos eingespritzte Penicillin nur in der 
ersten balben Stunde ein Serumkonzentration von 4 Einheiten 
pro ml) mid bestimmte Mengen Vitamin Bj, Bs, C und Eikotin- 
saure mit gleicbem Teil (1 ml) pbysiol. Kocbsalzlosung bzw. 
Blntserum im 37° Brutscbrank eingestellt vrurden. Each 3, 2, 
bzw. einer Stunde zuriickerMelten wir die gesamte angewandte 
Menge, mit Ausnabme der Versucbe mit Vitamin C, wo dies sick 
nack 3 Stunden um etwa 18 %, nack zwei Stunden um 12 % ver- 
minderte, jedenfalls ganz parallel in beiden Ldsungen, mit oder 
okne Penicillin. Diese Versucbe beweisen, dass das Penicillin 
sogar in starkeren Konzentrationen keine direkte Wirkung auf 
die wasserloslicben Vitamine ausiibt. Durck die Anwesenheit 
von Blutserum wird daran nickts geandert. Diese Versucbe wur- 
den mit gleicbem Ergebnis viermal wiederkolt. — Es musste 
ebenfalls festgestellt werden, ob die an nnserer Klinik wabrend 
der Wintermonate iiblicbe Diat an imd fiir sick nicbt unzurei- 
cbend sei, wodurcb Hypordtaminosen in Erscbeinung treten 
konnten. Endlick mnssten auck diese langst bekannten Tat- 
sacken mit in Kanf genommen werden, namlick dass jene Krank- 
keiten, die nenlickst besonders mit Penicillin bekandelt werden, 
mit den Hypovitaminosen sogar zwei Beriikiungsstellen besitzen; 
teils kann die Anstecknng selbst sebx oft nur im sckon von vorn- 
kerein vitaminarmen Organismus zur Geltung kommen — das 
beziekt sick besonders anf das Vitamin C — , anderseits bedeutet 
der Verlauf der Krankbeit, besonders die Eiebexzustande, einen 
gesteigerten Vitaminbedarf. Die Kontrollversucke warden des- 
kalb folgendermassen angeoxdnet; wir untersuckten den Zustand 
des Vitaminkauskaltes bei Kxanken nack wenigstens einer Wocke 
Idiniscken Aufentkaltes (Gruppe A); im Hinblick auf die Angaben 
von Ellinger imd Skattock waklten wir als Gruppe B jene, die 
mit Sulfonamiden bekandelt wurden; endlick fiibiten wir Unter- 
suckungen anf soicken Personen durck, die vor Penicillinbekand- 
lung standen (Gruppe C); diese Untersuckungen wurden meistens 
nock im fiebernden Zustande vorgenommen. Um eine etwaige 
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vitamiuvermindernde Wirkung des Fiebers auszuscbalten, setz- 
ten wir die Versucbe nur bei soloken Personen fort, die sicli nacb 
Beginn der Penicillinbebandlung sofort entfiebeiten. Die Viiili- 
rend und nacb der Penicillinbebandlung erbaltenen Angaben sind 
in Gruppe D zusammenfasst. 

Zur Peststellnng der Hypovitaminosc wablten wir Bela stun gs- 
proben; nacb Isbibara verlasst etwa 50 % der eingespritzten 
Vitamine wabrend 24 Stunden den gesattigten Organismus. Der 
grosste Teil dieser Menge wird in den ersten drei Stunden aus- 
gesebieden. Diese in kurzer Zeit ausfiibrbaren Metboden \s’ieder- 
geben also das zuverliissigste Bild iiber den Siittigungsgrad der 
Korpergeweben. Die BrBelastungsprobe wurde nacb dem er- 
wabnten Verfabren von Magyar durcbgefiibrt. Zur Vitamin Ba- 
Belastung baben wir die Metbodc von 66tb vexwendet; Die Ver- 
suebsperson erbalt in niicbtemcm Zustand 11 mg B™ intravenos. 
(Beflavin Roebe); naebber wird die im Urin in zwei Stunden 
ausgesobiedene Menge des Vitamins B. vor Analysenquarzlampc 
mit einer Standardlosmig titriert. Diese Menge betriigt nacb G6tb 
unter normalen Sattigungsverbaltnisscn ebenfalls ungcfiihr 20 — 
25 % der urspriinglieb einverleibten. Wie aus folgenden Tabcllen 
ersicbtlicb, beobaebteten wir in gesunden Personen nur cine Aus- 
sebeidung von 18 — 20 %. Diese Vermindcrung kann durcb die 
Ernabrungsstorungen erklart werden, die in der Nacblcricgszeit 
allgemein zur Geltung kommen, sodass nur die Aussebeidung 
unter 15 % als patbologiscb aufgefasst werden kann. 

Die HypovitaminosC'C wird im Urin durcb die bekannto 
Dicblorpbenol-indopbenol-Eeagcnsmetbode von Tillmanns, an- 
derseits mit der Belastungsprobe von Gotb untersuebt. Diese 
letztere berubt auf folgendcm Prinzip. 300 ing Ascorbinsaurc 
werden intravenos eingespritzt und der C-Vitamingcbalt des 
Serums vor und zwei Stunden nacb der Injektion bestimmt. 
Bei Individuen obne Vitamin C-Dofizit nimmt der norinale 0.7 — 
1.2 mg % betragende Blutserumgebalt nacb 300 mg i.v. gege- 
bener Ascorbinsaure mindcstens urn 0.5 mg % zu (Gotb). Zur 
Vermeidung etwaigen unspezifiseben Redulrtion Avaren AAur mit 
Riicksiebt auf Dobszay’s Erfabrungen, wonacb die vorbandene 
Ascorbinsaure in den fraglicben Losungen durcb Vorbcbandlung 
mit starker Lauge zerstort wird. Die iibrigbleibcnde, niebt von 
Vitamin C stammende Redulction ist somit von der Ascorbin- 
saure zu trennen. Auf diese Weise uberzeugten Avir uns, dass die 
1 eranderungen, die sicb im Serum und Urin im Laufc unscrer 
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8,7 


eangswerte von nngefaKx 15 % als normal angesehen werden, 

Lsomehx da Merbei die auf Vitaminmangel so charaktenstisclien, 

regelmassig aufsteigenden Aussclieidungskurven fehlen. 


Gruppe 


■ A 


B 

G 

D 


Tabelle 1. 


B\-Belasiungsproben nach Magyar, 

Vitamin Bi-Aussclieidung im XTrin. Zweistiindlicli 2 “g 
Ball eingespritzt, Grin z^i^eistundlicli gesammelt; m /o 

der einverJeibten Mengis 


1 

2 

3 

4 

5 

6 
7 
1 
2 
3 
1 
2 

3 

4 
1 
2 

3 

4 

5 

6 


14 

21 

20 

20 

19 

24 

26 

. . 25 

23 

22 

24 

24 

19 

20 

23 

21 

20 

25 

27 

25 

18 

22 

19 

20 

19.5 

21 

18 

24 

2a 

27 

29 

28 

23 

23 

26 

29 

27 

31 

30 

31 

16 

16 

17 

19 

15 

18 

14 

18 

17 

15 

•20 

16 

16 

19 

15 

18 

7 

9 

15 

19 

6 

11 

13 

25 

9 

10 

13 

21 

5 

9 

' 11 

16 

8 

13 

13 

20 

10 

14 

. 16 . . 

21 


1 

Tabelle 3. 




Vitamin C-Belasiungsversuche im Seium- nach Goih. 

Nuchterner Serum- 2 Stunden nach 300 
C-XVert in ing % mg C i.v. in mg % ' 


Gruppe Zahl der Balle diurchschnittlicli durchschnittlich 

A 5 1.25 2.15 

B . 4 0.81 ■ 2.3 ’ 

0 9 1.58 ' • . 2.72 

B 8 ' 1.15, ■ 1.38 


Auf 300 mg Belastung zeigt sick in den G-ruppen A, B und C 
im Vitamin C-Werte der Sera eine normale Scbwankiing. Bei 
solcben, die mit Sulfonamiden bekandel't wiirden, ist der niedrige 
(nach Goth’s Angaben zwar zwischen normalen Grenzen blei- 
bende), wie auch bei bevorstehender Penicillinbehandlung der 
hohe Ansgangswert auffallend. Diese Erscheinungen sind wahr- 
scheinlich der' geringen Zahl unserer Falle zuzuschreiben. Dem~ 
gegeniiber ist bei solchen, die durchschnittlich eihe Penicillinkur 
von 5,000,000 0. E. durchgemacht haben, die Vitamin C-Aviditat 
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der Gewebe sebr ausgesprocben, worauf der normalen, Zvinabnie 
von 0.6 mg % gegeniiber eine solcbe binweist, die mebr umdie 
Halfte geringer ist, Entscbiedene nnd bocbgradige Abweicbungeu 
werden aucb anlasslich. der Bestimmungen der Reduktionsfabig. 
keit des XJrins gegen Dicblorpbenol-indopbenol beobacktet. Wobl 
ist die Reduktionsfabigkeit der Harne von Kjanken nack Bekand- 
Inng mit Sulfonamiden ge-wissermassen anck veilangeit, dock 
bleibt diese Wirkung weit unter dem Reduktionszeitdurchsckmtt 
jener Urine, die von penioillinbekandelten Kranken stammten. 
Aus Big. 1 ist ersicktlick, dass zwiscken der Verringerung des 
Ascorbinsauregekaltes im Urin nnd der verbranckten Penicillia- 
menge eine so gut vrie vollkommener Parallelismus bestekt, wobei 
weniger die Bekandlungsdauer, als die einverleibte Penicillia- 
menge die Hauptrolle zu spielen sckeint. 

Die Verzogerung der Harnrednktionszeit beginnt durckscknitt- 
lick um den Zeitpunkt, als in der Bekandlung die erste Million 
0. B. erreickt wird. 

Tabollo 3. 


Beduhtionszeit im Urin gegen Dichlorphenol-indophenol. 


Gruppe 


Zahl dor 3?allo 


Durchsclinittlioho 

Reduktionsxeit 


A 7 2’ 

B 4 3.5’ 

C 12 2.5’ 

D 13 13’ 


War die Rednktionszeit des Urins um mekr als 10', verlangert, 
erzielten wir mit 120 eg Vitamin C in vier Tagen, okne Unter- 
breckung der Penicillinbekandlung die Rucldcekr zum Normalen. 
Danack blieb die Eeduktionszeit des Harnes unverandert, ivenn 
■wir tS-glick zugleick 30 eg Vitamin C zufiikrten. Wenn wir aber die 
Dosierung versucksweise aussetzten, kam die Defizienz in 6 7 
Tagen wieder in Ersekeinung. 


Tabelle 4. 


A 

B 

G 

D 


Vitamin Bn-Belastungsproben nach Goth. 


Vifcaminatissoheidung 

im Harm nach Zufuhr 
von 11 mg i.v. 


Zahl der Falle 

5 

3 

9 

11 


durchsohnittlioh in 

mg % 

16 

17.5 

19.5 
9.9 


Grnppe 
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Die aet Vitamin B, beaugliolen Unteianctongen erwiesen, dass 
wahrend der Penicillinbehandlung nacli Belastung mit 11 g 
Loflavin die Ausscieidung sioh anf die Hiilfte des Normalen 
verringerte. In den Gruppen A, B and C smd keme Unterscluedo 

auffindbax. . oa f 

Die Untersucbung der Nikotinsaureausscbeidung im ii-stun- 

denbarn zeigt, dass diese Angaben nicbt zu verwerten smd. 


Tab olio 6. 


Unlersuchungen heziiglich auf das MlcotinsaureliansliaH. 


Gruppe 


24-Stundcnaussclici- 
Zahl der Fiille dung im Urin 
in mg % 


Nacb Bolnstung mit 
100 mg Nikotinsaure 
in mg % 


A 5 2.8 

B 5 4.21 

C — — 

D G 3.0' 


11.4 

14 

6.09 


Einerseits scbeinen die im Scbxifttum als normal angegebcnen 
Werte nocb nicbt von allgemeiner Geltung zu sein, bauptsjicblicb 
infolge der Versobiedenbeit der Ernabxungsverbaltnisse, ander- 
seits sind die Werte, die vir bei unseren Untersucbungen in den 
A, B und D Gruppen. erbielten, kaum voneinander verscbieden. 
Hingegen weisen die Belastungsproben mit 100 mg aSTikotinsuure 
per os bei mit Penicillin behandelten Patienten eine bedeutendo 
Verminderung der Ausscbeidung auf, so dass vir in diescm Sinnc 
ebenfalls von einer Steigerung des Vitaminbedarfes der Geivebe 
reden konnen. Im Falle von Ellinger und Sbattock ivar die Aus- 
scheidung nocb mebr verringert, docb zcigten sicb bei ibrer Patien- 
tin deutlicbe pellagroide Zeicben, 'wabrend ivir solcbe nie beobacu- 
ten konnten. Wir miissen uns darauf bescbriinken unsere Ver- 
sucbsergebnisse zu .wiedergeben, obne dieselben fvir Nikotinsiiure- 
defizienz bezeicbnend erklaren zu konnen. 

Danacb fiibrten wir in vitro und glcicberweise in vivo Unter- 
sucbungen dariiber durcb, ob den Vitaminen in der bakteriziden 
Wixkung des Penicillins im Serum eine Bolle zukommt? aSTacb 
Knigbt zeigen Stapbjlococcusarten, ivelcbe auf S 3 ’’ntbetiscben 
Nabrboden scblecbt gedeihen, auf Einwirlcung von Nikotinsuurc 
und Vitamin ein vorzuglicbes Wacbstum. I\Iueller macbtc be- 
ziiglicb des Bac. dipbtberiae dieselbe Erfabrung. Auf das Wncbs- 
tum des Proteus (Eildes) und der Shigella paradysentcriae Sonne 
(Fraser, Topping und Sebrell) ist Nikotinsaure dermassen wirk- 
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Penicillinmenge in millionen Einbeiten. 

sam, dass dadurcK das Vitamin biologisch nacbzuweisen und sogar 
quantitativ zu bestimmen ist.' 

Dutch Zusatz in vitro von je 1 mg Bi, Bj, C und Nikotinsaure 
zum penicillinhaltigen Blutserum anderte sich die Ausloschzone 
an der Heatley-Agarplatte nut dutch Zufiigung von Vitamin C; 
es muss abet betont werden, dass sogat mit reiner Vitamin C- 
Losung eine Ausloschzone entstand, deten Durchmesser Hand in 
•Hand mit det Konzentration des Vitamins sich anderte, -war abet 
■deutlich kleiner, als die Zone hervorgerufen dutch eine Losung, 
die neben gleichet Menge Vitamin C auch Penicillin enthielt. Stepp 
und Kiihnau aussern sich zwar fur die wichtige Bolle des Vitamins 
C in der tiberwindung allerlei Infektionen, dock findet man im 
Schrifttum keine Angaben die fiir eine direlcte bakterizide Wirkung 
sprechen wiirden. Wir wiederholten unsere Versuche funfmal nut 
demselben Resultate, trotzdem halten wir es fiir mdglich, dass 
•es sich in unserem Fall um eine besondere Bmpfindlichkeit des 
in unserem Besitz befindlichen Staphylococcus -Oxford-Stammes 
handelt, eben deshalb fiihlen wir uns zur Stellungsnahme weder 
iiber die bakterizide Wirkung der Ascorbinsaure, noch im Hm- 
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blick des Synexgismus von Vitamin C nnd Penicillin nicbt berecb- 
tigt. Bei gleicbzeitiger parenteraler Zufubr von Vitaminen nnd 
Penicillin konnte keine Steigerung in der bakteriziden Wirloing 
sogar bei Anwendung starkerer Konzentrationen wabrgenommen 

werden. ... 

■ Endlicb. bebandelten wir gesunde Katten ebenfalls nut 1 enicil- 
lin. Die Tagesdosis des subcutan eingespritzten Penicillins bctrug 
2,800 0. E. pro Kg-K6rpergewicbt. Wegen der kleinen Zabl un~ 
serer Versucbstiere (3) kann man keine endgiiltigen Eolgerungen 
zieben, tiotzdem stellte es sicb eindentig herans, dass die Vitamin 
Bj-Ausscbeidung — die am Anfang des Versucbcs und in den 
Kontrolltieren dnxcbans 70 % der einverleibten Mengc (1.5 mg) 
betrug, nacb einer Wocbe Penicillinbebandlung auf 5 % bcrab- 
fiel. Mit Vitamin Bi und Nikotinsaure erbielten wir keine ein- 
deutigen Resultate, dagegen fiel auf, dass der Ascorbinsiiurege- 
balt im Urin auf ein Drittel des der Kontrolltiere sank. 


Summary, 

Clinical evidences led tlie authors to assume deficiencies in some 
vitamins during prolonged penicillin treatment. This is partic- 
ularly strildng in the case of \dtamin C. The deficiency could bo 
detected about on the end of the first week of usual penicillin 
treatment (160,000 0. U. daily). Similar alterations could be found 
in the household of other water-soluble vitamins. The investiga- 
tions were carried out using the test dose-methods of Magyar 
(Bi), Goth (Ba and C) and Pearson and Winegar (nicotinic acid). 
The deficiencies can be explained: 1. By changes in the mouth and 
intestinal flora. 2, The cysteine of the prosthetic group of the 
penicillin producing glutathion can play a role in the cellular 
respiration as cocarboxylase = B^, flavenzyme = B., cozymase = 
nicotinic acid and redox-system = vitamin C do it;"hcnccforc can 
the increased amount of glutathion disturb the equilibre of these 
systems. The 30 35 % of ingested penicillin, which is not demon- 
strable in the urine may play a role in that process. 3. Penicillin 
nmy directly influence cellular respiration and can produce thus 
biochemical changes in the organism. 
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Note on tlie Patliogenesis of Jaundice. 

By 

TORBEN K. WITH. 

Copenhagen. 

(Snbmitfed for publication March 23, 1948.) 


In this Journal Volume 128, pp. 25— il I published a paper 
in which the following theory of the pathogenesis of jaundice 
was advanced: If the pressuxe in the bile passages rises above a 
certain limit the liver cells cannot overcome this pressure and 
cease to secrete against it into the bile canaliculi, and instead 
they secrete by means of a secondary secretory mechanism into 
the lymph spaces of the liver. The same secondary secretory 
mechanism was proposed to be the cause of icterus neonatorum. 

I have recently read a paper of J. C. McCarrel, S. Thayer & G. 
K. Drinker (Am. J. Physiol. 1941, 133, 79 — 81) which shows that 
the ausiliaty hypothesis of a secretory mechanism from the blood 
plasma into the liver lymph is quite unnecessary. These authors 
have clearly shown that the protein content of the liver lymph 
is equal to that of the blood serum, and that the parenchyma 
cells of the liver virtually are bathed in blood plasma. As bili- 
rubin is firmly bound to the albumin fraction of the plasma pro- 
teins, the primary action of the liver cells in the bilirubin part of 
the bile formation unquestionably is to break up this linkage 
to the serum albumins. But in the case of lymphogenous jaundice 
they are not able to do this — from one cause or the other — 
and the bilirubin passes into the liver lymph together with the 
plasma proteins being still bound to the albumin fraction. 

Thus the role of the lymph in the pathogenesis of jaundice 
is not to be regarded as a sequel of a special secondary sccretoric 
mechanism of the liver cells but simply as a consequence of the fact 
that the liver cells are bathed in blood plasma. 
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Simultaneously I should like to mention the paper of H. B 
Thompson & B. L. Wyatt (Aich. Int. Med. 1938, 61 , 480—495) 
which I did not known at the time my above-mentioned paper 
appeared. In this interesting paper it is shown that jaundice 
can be induced in man by daily intravenous injections of great 
doses of bilirubin (10 — 15 mg. per kg. and day). Serum bihrubin 
concentration up to 12.5 mg. per 100 ml. in the interval between 
the injections and pronounced jaundice of the skin and mucous 
membranes may be induced in this way. Unfortunately these 
authors did not perform more detailed biochemical studies as 
their primary object was to study the influence of induced jaundice 
on chronic polyarthritis. 
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Correction to: 


P«ancreatic Disease Combined with Yitainiii-K- 
Refractory Hypoprotlirombiiiemia. (1947 : m; 33.) 

By 

HOLGER BEGTRUP. 

(Submitted for publication February 9, 19J8.) 


The patient reported on died a short time ago (from Iiemntem- 
esis). Post-mortem examination revealed a normal pancreas, but 
a rare malformation of her liver (Spiegel’s lobe) whicli had at 
the operation presented itself as a pancreatic grotvth. Micro- 
scopical examination of liver tissue and spleen showed Bantis’ 
disease — ■ the cirrhotic affection of the liver beeing the probable 
cause of the hypoprothrombinemia. 

It was the incorrect diagnosis of a tumor of the pancreas, which 
inspired the investigations by H. Begtrup and 33. Tage-Hansen 
(Acta Physiologica Scand. 14: 189 — 194; 1947), and in which it 
was demonstrated that pancreatectomy in dogs caused a Iv- 
vitamin-refractory hypoprothrombinemia. 
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From the Pediatric Cliuic of Karolinsha Instjtutet, 
Norrtulls Hospital, Stockholm. 

(Chief: Professor A. Wallgreii.) 


Tlie Accuracy of Some Clinical Methods (Auten- 
rieth, Stiifen and Sicca) of Bcterniiiiing 
Hemoglohiii Values — a Comparison. 

By 

PETTER KARLBERG. 

(.Submitted for publication August 26, 1947.) 


This investigation concerns the more satisfactory clinical 
methods practised in Sweden for the determination of hemoglobin. 
Its objects are: 

1. To determine the errors relevant in routine work and how 
they can be avoided, or at least diminished. 

2. To calculate the accuracy of the various methods and to 
determine which conclusions we are justified in drawing, under 
varying conditions, from a differejice between two hemoglobin 
values. 

3. To attempt to decide if any of thc.se methods is superior 
as regards accuracy and practicability. 

The following hemoglobinometcrs were used in this investig- 
ation: Autenrieth-Konigsberg’s colorimeter, Pulfrich’s Stufen- 
photometer and the Sicca hemometer. 

Autenrieth Was taken as representative botli of Zciss-Ikon and 
Autenrieth, botli having the .same working principles and very similar 
manner, since the latter is considered to bo somewhat more accurate 
{Enghoff 1937, Bierring 1940, Ehrcnberg 1943). 

The Sahli method, which i.s still «.sed in some places, Was not included, 
since it was demonstrated in earlier investigations (Sundberg 193S, 
Grotepas 1941, ©sterskov Jensen 1943, Sorensen 1913, amongst others) 
to have an error in the method up to dr 10 %, and is therefore con- 

7 — '/8217-'/. Ada mcd.scandinav. Vol.CXXXI. 
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sidered to be definitely inferior to tbe other methods. It has even been 
classed by a number of 'w'riters with Tallqvist’s method. 

We find in the literature that several investigations have been made 
to assess the accuracy of the Autenrieth, Zeiss-Ikon and Sicca, as wed 
as the Stufen methods. They were shown to have approximately the 
same accuracy, with a deviation of between ± 1 % and ±5 % (Hesse 
1937, 1938, Heilmeyer-Mutius X938, Sundberg 1938, Humperdinck 1939, 
Sorensen 1941, Grotepas 1941, amongst others). When the Sicca method 
has been investigated, it has always been preferred, since it lacks the 
so-called hematin error and is, moreover, practical. No investigation 
has, however, been made in which each working stage of various 
methods has been consistently examined and carried out, and a com- 
parison made of the accuracy under varying conditions on the basis of 
statistically calculated errors. Moreover, the Stufen-method has not 
been investigated as a practical routine method, although this appears, 
nevertheless, to be justifiable since it is relatively simple. lurther- 
more, according to Zeiss’ Swedish representative, the Stufen photo- 
meter is to be found in the majority of the large hospitals in Sweden 
(50 in Stockholm and 70 in the country). 


A. Esamiuation of tlio Dilfcrent Working Stages With 
Bespect to the Possible Analytical Errors as 'Well as to 
the yVorking Time. 

I. The Following Working Stages Are Discussed. 

1) Preparation for taking the test. 

2) Taking of the test. 

3) Heading time (interval between the taking of the test and the 
reading). 

4) Work with the hemometer and errors in reading. 

5) Subsequent work. 

1. Preparation. 

Aulenrielli: Pilling of tbe test tubes with 1.980 (1 .990) mm® dilution 
fluid, 1/10 Normal HCl., for mixing. Time: 25 secs. 

Errors: The automatic pipettes used for filling the test tubes are 
liable to errors up to 1 per cent if, for example, tbe liquid is blovm out 
of the pipette instead of being allowed to run out. 

Stufen: = Autenrieth, but 0.04 % ammonia — or O.i % soda solution 
is used as a dilution fluid. Time: 25 secs. 

Sicca; No preparations. Time: 0 secs. 

2. Talcing of the test. 

Autenrieth: 20 mm® of capillary blood are sucked up in a pipette, 
introduced into tbe HCl. solution in the test tube for mixing, and shaken. 
The blood is hemolysed and acid hematin is formed. Time: 31 secs. 
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Errors: In order to reduce tiic price, tire capillary pipettes are usually 
sold v'itliout a guarantee for a certain nraxiinal error, and tlic grada- 
tion can tlierefore be subject to not insignificant errors. 
ing with quicksilver of 30 pipettes from the laboratory of iNorrtulls 
Hospital, purchased, during the year from various firms, shoved the 
following distribution within the margins of error; 

Margins of error 0 — 1 % J — 2 % 2 3 % 3— -o /o 
No. of pipettes 19 7 3 I 

It should, however, be noted that a broken point alters the volume 


of the pipette. 

Even a satisfactorily graduated pipette can give a yajiic up to 
approximately 5 % too low, if it is not dried before use. This is an ob- 
vious fact, but ow'ing to the lack of pipettes, it often occurs. If it is 
not possible, for practical reasons, to dry the pipettes before each test, 
errors can be avoided by first sucking up blood to the limit, blowing 
out the blood and then taking the blood test in the usual Way. (The 
pipette is thus “washed” with the patient’s blood.) It is unnecessary to 
point out that insufficient mixing, with resultant coagulation, gives 
false values. 

Shtfen: = Autenrieth, w'itli the difference that oxyhemoglobin is 
obtained instead of acid hematin. The dilution given by Ilciimeyor, 
25/2,475 has been altered to 20/1,990 in order to make u.sc of the labor- 
atory equipment in use in Sweden. Time: 32 secs. 

Sicca: Approximately 30 — 40 mm® of capillary blood arc sucked up 
with a special hand pipette. A steel rod is moist ened with the. blood 
in the pipette, dipped in a powder reagent (consisting of sodium oxa- 
late, saponin and sodium hypo.sulpliite). An approximate amount of 
the reagent adheres to the rod and is inserted once more into the 
pipette, where the reagent is dissolved in the blood. If the result is 
not read within the following few minutes, the pipette is placed in a 
special reservoir tube. The blood is stabilised and hemoly.scd, and 
reduced hemoglobin is formed. Titnc: IS .secs. 


Errors: If too much reagent is added, the blood becomes cloudy and 
viscous and air-bubbles are then easily formed in the fluid laver when 
the wedge chamber is filled (see below). Heading is thus made more 
difficult or impossible. After investigations with increasing quantitic.s, 
the suitable quantity was found to lie bctw'een 1 and 10 mg., thus be- 
tween quite wide limits. This corresponds to a moderate powdering, 
without lumps, of the steel rod. It is practically impossible to take t oo 
small a quantity. 

Insufficient mixing cau.ses the blood to become granular (a not 
uncommon fault w'ith beginners). 

If the reagent is old, or has beoi stored for a time uncorked, it be- 
comes unusable (the hyposulphite is oxidised by the air). 

These errors can, however, easily be avoided,’ when the worker lia.s 
become lamdiar with the method. 


_ A stage common to all three methods, which can give rise to errors 
IS the actual (echnque of draivimj the blood This was, however, in- 
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vesfcigated recently by Sorensen (1941), who studied very carefullv 
the effects of the technique. His work is therefore referred to. Since the 
importance of the pressure on the finger-tip in taking a test is often 
topical question in assessing the accuracy of an Hb. value, Sorensen is 
quoted (Fig. 1) showing that moderate pressure has very little effect 



Fig. 12. Influence of pressure on the finger (Blood taken 
approximnlcly 0.3—10 mins, after Incision). The pressure 
and free-flowing blood tests are. essentially, egually satis- 
factory. 

Pig. 1. Taken from Gf. Sorensen, Nerd. Med. 1941: 10: lllS. 


3. Beading time (interval between taking the test and reading). 

Autenrieth: Since the acid haematin darkens afterwards, and it is 
this colour strength which is measured, the reading must take place 
at a fixed time in relation to the taking of the test. As a rule, an interval 
of 5 or 60 minutes is used. The hemometer is corrected for the par- 
ticular time according to a standard. Time is gained by reading after 
5 minutes, but there is a loss of accuracy. Since the darkening takes 
place more rapidly in the beginning (see Fig. 2), a fixed difference in 
time gives a greater error with a value taken after 5 minutes than after 
60 minutes. In hospital routine, where the delay is used for other work, 
the 60 minutes’ value is used as a rule. This is the case in the present 
investigation. 

The process of darkening is also dependent on the temperatoe 
(Barkan-Olesk 1937, Enghoff 1937, Heilmeyer-Mutius 1938), According 
to Enghoff, each degree of variation in temperature gives a variation 
of 0.5 % in the Hb. value in ordinary conditions of investigation. 

Time: not noted. 

Siufen: Time for reading; according to choice. 

Sicca: According to the literature (Hesse 1937, 1938, Sundberg 1938, 
1945, Ehrenberg 1943, Kaada 1945) the reading can be taken at a 
time independent of the taking of the test, according to the last- 
mentioned, up to 6 — 8 hours later. 

Since, however, even a very slight dehydration of the undiluted 
blood should give a noticeable rise in the Hb. value, the effect of tie 
reading time was studied. 

On a series of persons (31) 6 tests were taken on each, and in eacn 
6-test series, 3 were immediately, and 3 after 1 — 2 hours, during which 
time the blood pipettes were kept in special tubes in the way prescribed. 



METHODS OF DETERMINING HEMOGLOBIN VALUES. 


103 


The difference between the average for the first three and the last 
See values was calculated. The average difference 
erSr fed) Was found to be + Ln ± 0.51 m percentage of the Hb 
value obtained!, a statistically established increase of the tests rca 



after 1—2 hours (greater than 3 times its average error). Tlie difference 
is, however, small but sufficiently large not to allow the test to stand 
unnecessarily before reading. 


> The following statistical formwlao anil signs are nsed: 
Double dcicrmhwlions 
d = difference between two values 

n = number of differences 

S{d) = total of differences 


d = average difference 


3(d) 

n 


differences = — = / — 

n— 1 y n— 1 


ed = standard deviation of 
Cird = nverngo error in standard deviation of differences ~ 
£d = average error in average difference 


nd 

'is 


/s(d») 

ffd 

T'2u 


[S(d)p 


If the average difference, d, is less than 3 times its average error, Td, (d 0) 
becomes 


= standard deviation in the individual determination, the error in tlie indi- 


vidual determination = x <rd 


Cffr 


average error in the error of the individual determination 




Average error in the nverngo number for 3 determinations == 4:r x <t - - ~ 

V3 Vb 

Summation of 2 errors (t^ and 0 -,., becomes 

The c.vtrapolation calculation is according to llonnier-Tcdin, 



104 


PETTER KARI.BERQ. 


4. ^Yorh with the hemometer and errors in reading. 

Aulcnriclh: TJic Iicniatin solution is transferred from the reservoir 
mixing tube to a chamber, which is colorimetricallj’ compared rvith a 
fluid wedge, and readings taken. The percentage of hemoglobin is cal- 
culated with the aid of a correction curve for a certain standard and 
reading time. The chamber is then washed. Time: 55 secs 

Errors in reading; see page 1C5. 

Stnfcn: The ox}dicmoglobin solution in the mixing tube is reduced 
by the addition of a “pinch” of hyposulphite. It is transferred to a 
0.5 cm. chamber and is read in the Stufen photometer from the colour 
similarit}’- in the filter S 57 (corresponding to a wavelength of 572 ///(). 
According to Heilmcycr, the extinction obtained is recalculated to 
hemoglobin percentage for a certain standard according to the formula: 

S57 

C = Ej _ J X 15.S g. Hb. in 100 ml. blood. In order to express 
the hemoglobin level in percentage of Haldane’s standard (100 % = 
13.8 g. % Hb.) the extinction is multiplied by = 2.20 x 

U45 X Iw.S 

100. Since the gelatine filters arc not constant, this method, as well 
as the others, should be standardized. Time: Ti secs. 

Errors: The amount of liyposulphitc, "a pinch”, varies. By reading 
with increasing values of hyposulphite, the upper limit rvas found to 
lie at 10 mg. Larger quantities give turbidity in the solution and in- 
crease the light absorption (extinction). Reduction occurs even with 
the addition of 1 mg. and there is, therefore, practically no risk of 
using too small a quantity. The suitable amount is soon discovered. 

The time elapsing between the addition of the hyposulphite and the 
reading is limited, since the hemoglobin is gradually oxidised by the 
air. If, as in this investigation, the smaller quantity of fluid is used, 
2,010 mm® instead of 2,500 according to Heilmeyer, the chamber is 
not entirely filled, although sufficiently above the level of the beam 
of light through the chamber. Oxidation should reach the level through 
which the beam of light passes. In a scries of readings at var^ng times, 
and after addition of varying quantities of reagent, this oxidation did 
not, however, become apparent during the first tw'cnty minutes, even 
if only 1 — 2 mg. hyposulphite were added. 10 — 20 mixing tubes can 
thus simultaneously be supplied with hyposulphite and the readings can 
take place successively. 

Errors in reading: see page K5. 

Sicca: The blood is transferred from the pipette to a wedge-shaped 
glass chamber, which is formed between a glass plate and a “glass 
wedge”. Reading takes place by adjusting the liquid Wedge until a 
similarity in colour has occurred against a glass standard, illuminated 
by an electric bulb built into the hemometer. The hemoglobin value 
is read directly on a scale, expressed in per cent of Haldane’s standard 
(100 % = 18.5 vols. % 0 O2 = 13.8 g. % Hb.). The “glass Wedge” and 
the glass plate are then cleaned extremely carefully. Time: 105 secs. 
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Errors: Coaise turbidity as above (page 101). If the glass plate or the 
“»lass wedge” are not completely dried, lighter areas appear in the fluid 
wedge. Even the slightest contamination of the “feet” of the 
wedge” gives increased values. 

Errors in reading; sec below. 


glass 


Errors in Rending. 

Since all three methods are based on direct colorimetry, it is inevit- 
able that, on reading, a certain spreading must occur around the true 
value. In order to assess the degree of spread, and whether any diiler- 
ence occurs in the difficulty of reading in the three methods, double 
readings were made. 

Erom the differences, the error in one reading and the average error 
in three readings (as a rule, 3 readings Were made per test) Were made 
for each of the three methods. 


Table I. 

Reading error in the Antenridh, Stufen and Sicca' methods with 
infernal differences. 


All values given in % of Hb. values obtained. 


Hfethod 

No. of 
differ- 
ences 

(n) 

Average differ- 
ence between 

2 readings 

(d ± £d) 

Average error in 

3 reading.s 

, 1 

! 

Difference in reading | 
error between 2 
incthod.s i 

i 

} 

1 

2 

3 


Autenrieth 

(A) 

126 

0.07 % ± O.lis 

I! i 

±0.5.1 % ± 0.0.11 lA-St — O.n %±0.052l 

ll i 

Stufen (St) 

126 

0.23 % ± 0.139 

±0.G1 % ± O.O lO 

St-Si ±0.M %±0.0ni 


390 

0.17 % ± O.OGl 

±0.50 % ± 0.01 S 

A-Si ±0.03 %-J-0.0.1s| 

{ 


From the values obtained (sec Table I) it is evident that the average 
error for three readings is approximately i O-'* — O.c % of the hemo- 
globin value read. Consequently, no difference of practical significance 
exists between the three methods. 

It is perhaps necessary to point out at this stage that the bilirubin 
content in the blood gives too high values on the hemoglobin content 
by Autenrieth’s method. According to Enghoff (1937) there is an in- 
crease of 7 % in colour index 120. Using Sicca's method, this can be 
reduced by a built-in gold filter (Hesse 1938). Nor is it so evident with 
btufens method, since a certain wavelength is used at which the bili- 
rubin has a very low absorption. 


5. Subsequent, toorJe. 

Autenrieth: Cleaning and drying 

Stufen: = Autenrieth. 


of the pipette and mixing tube. 

Time: 57 secs. 
Time: 57 secs. 







106 


PETTER KARLBERG. 



Fig. 3. Gleaning container for Sicca pipettes. 

Sicca: Cleaning of the pipette, wliicli is easier than in the case of 
Autenrieth’s capillary pipette. Tivie: 25 secs. 

This time can be considerably reduced if a metal plate with holes is 
used (see Fig. 3). This is placed over a bowl with weak alkali solution, 
and each pipette is placed in a hole, after the glass chamber has been 
filled. All the pipette can then be cleaned simultaneously in this posi- 
tion, by sluicing under a tap, dipping in a bowl with alcohol (or even 
ether), and drying in a thermostat. 

n. Time-Studies. 

Time-studies are shown in Table II. Since these aim at illustrating 
the routine work in a hospital, the interval between the taking of the 
test and the reading was not included, since this time is used for other 
work. 

The total time is lowest for Autenrieth and somewhat longer for 
Sicca and Stufen. But these differences are small and irrelevant. 

If, however, the time is divided into that of the laboratory nurse 
and that of the laboratory technician, the circumstances differ (see 
Table II). The Sicca method takes longest for the nurse — approxima- 
tely 1 minute longer than the Autenrieth and Stufen methods, i. e. 
nearly double, since the nurse herself in series of examinations must, 
between each reading, carefully clean Sicca’s glass plate and “glass 
wedge”. We can therefore understand that the Sicca method has not 
been met with any great enthusiasm on the part of many nurses. 

If, however, the five-minute reading time in the hematin methods 
is used in order to obtain a rapid result — and the delay must then, at 
any rate partially, be included in the working time — the advantage 
of Sicca’s method, with immediate reading, is clearly sho-wn. This v'as 
demonstrated in 1938 by Sundberg, in whose time-studies the delay 
was included. 
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Table II. 


in mrh with Anl^nricth. Sicca and Slnjcn 



Autenrieth 

Stulen 

Si 

cca 



- 




Average 


Average 


No. of 
timo 

Average time 

No. of 

timo in 

No. of 

time 

in 1 

Stage of Work 

in seconds 

timo 

determ- 

inations 

seconds 

time 

determ- 

seconds 


determ- 

inations 

Nurse 

Tech- 

nician 

N. 

T. 

inations 

X. 

T. 

1 Preparation 




25 

120 

— 

25 

— 



2 Taking of 


31 

H 

106 

32 

B 

106 

48 

— 

3 Reading 






H 














4 Work with 
hemometer . 

Ill 

55 

H 

101 

77 

1 

120 

105 

— 

5 Subsequent, 
work 

155 

— 

57 

155 

— 

57 

108 

— 

25 

Work done by 

N. 


86 



109 




153 


Work done by 

T. 

— 

— 

82 

— 

— 

82 

— 


25 

Total working 
time: 

1G8 

191 

178 


B. Errors in Individual Determination. 

]. Errors in the Method. 

After examination of the different stages in tlie three methods, it is 
evident that, even if care is exercised, it is necessary to allow for cer- 
tain errors in the hemoglobin values obtained. In order to obtain a 
measure of the accuracy of the methods, their errors = the error in 
each separate determination, were calculated by means of double deter- 
minations. Such errors found for the three methods (see Table HI, col. 3) 
lie between i 1.85 • — • ^ 2. so % of the hemoglobin value obtained. As 
regards the Sicca method, the error is statistically probably greater 
than for the Autenrieth method (difference > 2 x average error). The 
Stufen method, however, does not differ statistically from the other 
two. 

The error in the Autenrieth test (and in other hemoglobin tests with 
acid hematin) should not be greater than that obtained by means of the 
double determinations, when the so-called hematin error is not evident. 
Barkan (1937) and others have thus demonstrated that the darkening 
of the hematin can have a variable course in individuals with the same 
hemoglobin level, up to a variation of ± b..-? %. 
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TaWe m. 

Error in meilwd ~ error in each mdividval determination iDitlAvten- 
rieth, Stnjen and Sicca methods, loitli internal difference. 

All values given in % of Hb. values obtained. 


Method 

No. of 
differ- 
ences 
(n) 

Average diff. 
between double 
determinations 

(d ± £d) 

Error in method 

Difference in error i 
in method betiveen 1 
2 methods j 

1 


1 

2 

3 

4 

Autenrieth 

(A) 

42 

O.IO % ± O.f02 

±1.S5 % ± 0.202 

A-St — O.IC %±0.300 

Stufen (St) 

41 

0.G3 % ± 0.717 

±2.01 % ± 0.222 

St-Si —0.35 %±0.26S 

Sicca (Si) 

130 

0.3S % ± 0.277 

±2.36 % ± 0.116 

A-Si -rO.Sl %±0.219 


2. Different 3Iethods. 

In order to assess tlie agreement between the three methods and thus 
to ascertain the influence of the hematiri error on routine work, the 
hemoglobin level Was determined in 124 persons, with simultaneous 
Autenrieth, Stufen and Sicca tests. The three series thus obtained 
with hemoglobin levels can only be compared two by two. Three com- 
binations are thus possible: Sicca/Autenrieth, Autenrieth/Stufen and 
Sicca/Stufen. In each of the three combinations, each pair of corre- 
sponding hemoglobin values was drawn on a system of coordinates, 
where the abscissa was graduated for one method and the ordinate 
for the other. Bach pair of values Was thus represented by a dot (see 
Big. 4). 

Since the methods are worked out in such a way that they should 
give the same value for the same hemoglobin level, these dots should 
lie on a straight line. Since, however, each value can have a certain 
error (error of method), these dots will not all lie on the line, but on 
either side. The position of this line has been fixed for each combination 
by regression calculation (according to Bonnier-Tedin) and drawn on 
the diagram. 

The standard deviation obtained for the three combinations can be 
seen in Table IV, col. 2, and it is found (col. 3) that no statistical 
difference exists between them. 

Since, as stated above, the error for the Autenrieth method is found 
to be statistically probably lower than for the Sicca, it could have 
been expected that the diffusion about the regression line would 
be less for Autenrieth/Stufen than for Sicca/Stufen. That no such 
difference is found could be dependent on the fact that the error for the 
Autenrieth method can, in reality, be greater than that obtained 
through the double determinations. This increase in the error for the 
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Fig. 4. Graphical comparison between the Hb. values obtained with 1) Sicca/ 
Autenrieth, 2) Autenricth/Stufen and 3) Sicca/Stufen. 
Determinations made on 124 persons. 


Table rv. 

Spreading beticeen Hb. values delcrmined by Autenrieth, Stufen and' 

Sicca methods. 

All values given in % of Hb. value obtained. 


Combination of 

2 methods 

No. of deter- 
minations per 
method 
(n) , 

Standard deviation 
about the extra- 
polation lino 

[ff(y-Y)±£(i(y-V>] 

Difference between 
spreading in 2 
combinations 

1 

9 

! 

1 3 

Auth./Stufen (A/St) 

124 

0-86 % ± 0.373 

A/St— Si/A j 

— 0.82% ±0.503 

Sicca/Autb. (Si/A) 

124 

6.08 % 0.423 

Si/A— Si/St 
— 0.40% ±0.581 

Sicca/Stufen (Si/St) 

124 

6-28 % i 0.308 

— — 

A/St,— Si/St 
— 0.42 % ± 0.545 


Auteniieth method can be explained by the fact that the so-called 
hematin eiior has appeared. With the maximal limits of ±5.3 % 
(Barkan 1937), the hematin error raised the error of the Autenrieth 
method to approximately the same degree as for the Sicca method. 
Thus the errors for the three methods are approximately the same, 
• i 2.3 %. 
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Since each of the three methods, as show'll above, has an error of 
approximately ±2.3 %, the diffusion between the methods (^tk 
diffusion about the extrapolation line) should, from a statistical vieff- 
point, be approximately ±3.3 %. The investigation gave, however 
a value of approximately ±6.2 %. This can, however, be explained 
partly by the fact that the errors of method ate calculated on normal 
material, but the diffusion between the methods is calculated on col- 
lected normal and pathological material, and also by the fact that a 
straight line agreement between the methods can scarcely be expected, 

3. Standardization. 

If, in a series of determinations of the hemoglobin values, two differ- 
ent hemometers are nsed for each person, and the values obtained are 
inserted into a coordinate system with a similar scale on the abscissa 
and tbe ordinate — as in Fig. 4 — and tbe extrapolation line is cal- 
culated, this line should have a slope of 45° for exactly the same stand- 
ardization of the hemometers (both methods give the same value). 

If, however, one method gives higher values at a high hemoglobin 
level, and lower values at a low hemoglobin level, tbe extrapolation line 
will be influenced in relation to the line of 45°. 

In Fig. 4, the three extrapolation lines form an angle with the 45' 
line, wMch thus means a standardization which is not in agreement. 
In the investigation, however, the Autenrieth colorimeter used was 
recently xe-standaidized according to the usual custom, and the Sicca 
hemometer was newly purchased. The Stufen photometer was not 
specially standardized, but the extinction coefficient, as indicated by 
Heilmeyer, was directly used. 

It is not surprising that an exact standardization is not obtained, 
if it is considered how a standardization of a hemometer, for routine 
use, is usually performed. A series of blood tests is read off in the 
hemometer in question, and on the basis of the values thus obtained, 
a correction curve is drawn. Since each reading can, as has previously 
been pointed out, contain a certain error, and each senes seldom con- 
sists of more than 8 — 10 blood tests, such a standardization will entail 
an error. 

In order to assess the size of this standardization error in, for example, 
the Autenrieth colorimeter, 6 standardization series, which Were kindly 
placed at our disposal by tbe chemical laboratory of Kaiolinska Sjuk- 
huset, were analysed. Eacb series consisted of 6 — 10 pairs of readings, 
on which an regression calculation, as described above, had been 
carried out. Since the regression line is the correction curve sought, 
the spreading of the pairs of values about the line of extrapolation 
expresses the error in standardization. The errors thus obtained in the 
6 standardization series are given in Table V. The average error Was 
±2.75 % of the hemoglobin value. Tbe correction curve is usually, 
however, drawn freehand, and the standardization error should, there- 
fore, be somewhat greater, approximately ±3.5 % of the hemoglobin 
value. 
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Ta])lo T. 

Siandardization errors in 6 standardizations of the Avicmielh 

colorimeter. 


All values in % of tlio Hb, values obtained 


Standardization 

No. of 
readings per 
hemometor 

Spreading about 
extrapolation lino 
standardization 
errors 

1 

2 

3 

1 

10 

± 2.CG % 

2 

9 

± 2.72 % 

3 

10 

± 1.5G % 

4 

7 

±5.go % 

5 

9 

± 1.07 % 

6 

6 

±1.97 % 


Average error i 2.75 % 


4. Different Observers. 

The subjective interpretation of the similarity in colour also contri- 
butes to the uncertainty of a betnoglobin value. According to Hesse 
(1 9S8) a variation of approximately ± 3 % is obtained v/itli different 
observers. Approximately the same figures ivcre found in the present 
investigation in tests involving a few small series. 

The frobability that a difference found between two hemoglobin values 
is caused by an actual difference in the Hb. levels is dependent upon 
the conditions under which the two values were obtained. On the 
basis of the order of magnitude of errors calculated previously in an 
individual determination, the error in the difference between two Hb. 

Table TI. 

LiniUs for the ‘possibility that a difference found hehveen 2 Jib. values, 
■under different conditions, exists. 


All values given in % of Hb. value obtained. 
. S = same D = different 


Observer 

Standardiza- 
tion (Same 
Standard) 

Hemometer 

Method 

True difference exists 
with a probability of 

67 % 
if diff. > 

95 % 
if diff. > 

s 

s 

D 

s 

s 

s 

D 

S 

D 

D 

S 

S 

D 

D 

s 

D 

D 

D 

D 

D 

D 

S 

S 

S 

D 

D 

D 

D 

3..-i % 

4.5 o/o 

5.5 % 

6.2 % 
6.2 % 

7.0 % 

7.« % 

6.0 % 
9.0 % 
11.0 % 
12.1 % 
12.1 % 
14.0 o/„ 
15.2 % 
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values Was calculated for different conditions of examination If ti 
difference is once or twice greater than the calculated error in tt 
difference, an actual difference in the Hb. value exists with at least 
67 and 95 % of probability respectively. The probable limits under 
varying conditions are seen in Table VI. 

If greater accuracy than that expected is desired, it can he obtained 


by carrying out a double test. The error will then be 
lower. 


2 = 0.7 07 times 


In comparing two Hb. values, obtained in different hospitals, 
it is necessary to remember that different standards are used. 
Thus, for example, four different standards exist in the Stock- 
holm hospitals: Haldane’s 100 % ~ 13.8 g. % hemoglobin; Eng- 
hoffs 100 % = 15.3 g. %; the German standard 100 = 16.0 g. %; 
and one where 100 % = some value between 15 and 16 g. %, 
This means that, in two different hospitals, 75 % and 87 % 
indicate the same hemoglobin value. 


C. Olioice of Method. 

For Hospital Use. 

Autenrieth and Sicca (hematin error included in Autenrieth) 
are comparable in accuracy, if the hemoglobin determination is 
carried out by competent laboratory technicians and if, in the 
Autenrieth method, the one-hour reading time is used, as well as 
pipettes controlled by weighing. Under such conditions, the 
advantages of the Sicca method against the Autenrieth are fairly 
insignificant, working thus noth an approximate quantity, un- 
diluted blood, an approximate amount of reagent and an inde- 
finite reading time, hfevertheless, the disadvantage of longer 
working time for the nurse remains. There is, therefore, no direct 
reason, under such conditions, to replace Autenrieth by Sicca. 

The reservation should perhaps be made that the bilirubin 
error and reading error dependent on the yellow colouring of the 
lens of the eye in elderly persons is reduced with the Sicca method 
(Hesse 1937, 1938). If it is desirable to avoid these errors and the 
hematin error, but the Sicca method is inacceptable owing to its 
practical disadvantages, Stufen can be used as a fully serviceable 
routine method, possibly giving somewhat more accurate values 
than the two other methods. Since the Stufen method is very 
similar to that of Autenrieth, a change-over is relatively simple. 
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A certain familiarity with and experience of the photometer is, 

however, necessary. _ . 

If, however, the determinations are carried out by less experi- 
enced personnel, the accuracy of the Autenrieth method is de- 
creased more than that of Sicca, since the technique of drawing 
the blood in the Sicca method less easily gives rise to unobseiwed 
errors. Incorrectly graduated pipettes or reading after five minu 
tes also markedly decreases the accuracy of the Autenrieth 
method. Under such conditions, the Sicca method is to be pre- 
ferred. 

The statements made above concerning the Autenrieth method 
are also valid for Zeiss-Ikon, although the accuracy of the latter 
is probably somewhat less, partly on account of the use of varying 
sources of light and the greater difficulty in reading. 

For the doctor in private practice, the Sicca method is the best 
of those examined. Its advantages are increased in that no longer 
working time is required, since all the stages are usually perfor- 
med bj* the same person. The importance of a fresh Sicca reagent 
must, however, be emphasised. 

However, a small disadvantage of the Sicca mctliod must be 
pointed out, namely that almost double the amount of blood is 
required than with the Autenrieth method. This has a certain 
importance, at least where children are concerned. 

The Sahli method which, as a result of earlier investigations, 
has shown to possess considerable inaccuracy, as well as the 
impossibility of making several readings from the same te.st, 
must be considered inferior to the other methods. 


Summary. 

Three methods for the determination of the hemoglobin values; 
Autenrieth (diluted acid hematin); Stufen (diluted reduced hemo- 
globin); and Sicca (undiluted reduced hemoglobin), are studied 
against the background of hospital routine. They are examined 
as regards their working, and the possible errors are investigated 
with instructions as to how these can be avoided. In the Auten- 
rieth method, the one-hour reading is used. 

Heilmeyer’s hemoglobin determination with the Stufen photo- 
meter has been somewhat modified, so that the laboratory appar- 
atus customary in Sweden can be used. 
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Errors in reading, calwilated on double determinations, arc 
found to be practically equal in all three methods, i. e. approxi- 
mately ±0.55 % of the hemoglobin value obtained (average of 
three readings). 

In the Sicca method, 1 — 2 hours’ delay between the takintf of 
the test and the reading is shown to raise the value obtained by 
approximately 2 %. The test should not, therefore, stand an 
unnecessarily long time before reading. 

Time-studies are made. The total time for each hemoglobin 
determination is approximately the same for the three methods, 
when the interval between the taking of the test and the reading 
is not included. In hospital routine, however, the Sicca method 
takes nearly double the time for the laboratory nurse as compared 
with the Autenrieth method, since in the former she must herself 
do the majority of the cleaning. 

Errors in the Method: = the error in an individual determin- 
ation, calculated from the differences in double determinations, 
shows approximately the same order of magnitude in the three 
methods, i. e. approximately ±2.0 % of the hemoglobin value 
obtained. The errors in the Autenrieth method are, however, 
with statistical probability lower than in the Sicca method. In a 
comparison of the differences between the hemoglobin values in 
Auteniieth/Stufen and Sicca/Stufen, no statistical difference is 
shown. This depends, in all possibility, on the fact that the so- 
called hematin error in the Autenrieth method plays a role. If 
the hematin error in the Autemdeth method is included, both 
methods are comparable, i. e. there is an error in the method 
of ±2.3 %. This is on condition that the hemoglobin determin- 
ation is made by competent laboratory technicians, and that in 
the Autenrieth method the one-hour reading-time is used, and 
the pipettes are controlled by weighing. The Btufen method is 
possibly somewhat preferable to tbe other two. 

Standardization according to current use can result in an error 
of approximately ±3.5 % of the hemoglobin value obtained. 
Different observers can give a variation of ± 3 %. 

The error in the dijference between two hemoglobin values is 
calculated for varying conditions of examination, and the prob- 
able limits for tbe existence of a true difference are tabulated. 

The choice of method is discussed. 
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Since 1946, when Lehman published his preliminary experi- 
ments, performed in vitro and clinically, regarding the bacterio- 
static and disease-modifying effect of para-aminosalicylic acid 
(PAS), this preparation has been subjected to fairly extensive 
clinical tests at Swedish hospitals, while but a few animal experi- 
ments have been carried out. Originally, Lehman and his colla- 
borators found PAS too toxic for guinea-pigs. Mice, on the other 
hand, stood it well. Their experiments, with an intraperitoneal infec- 
tion of guinea-pigs acc. to Bernheim’s method and simultaneous 
therapy per os and section after twelve days, were not very exten- 
sive. The weight of the omentum was accepted as an indicator of 
the degree of severity of the tuberculous process. In the course of 
these experiments the animals after a few days ate but httle of 
the fodder containing PAS. The therapeutic experiment, for this 
reason, did not comprise more than about five days. They were 
able to ascertain an effect of PAS also in this brief experiment. 

In comparatively extensive experiments with vaccination 
against tuberculosis the present authors have had much experi- 
ence of guinea-pigs as test animals, acc. Widstrom’s method, and, 
though on a lesser scale, of white mice. Both these types of animal 

* Part of this paper was contributed to a discussion in Svenska Tuberkulos- 
lakarforeningen (the Society of th Specialists) on the 19th of Pehruary Ul'- 
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can without any difficulty he infected intravenously, the guinea- 
pigs in the forelegs, the mice in the tail. In recent years mice have 
proved exceedingly useful test animals in determining the effect 
of streptomycin on tubercle bacilli in vivo (Youmans, and others). 

In connection with vaccination experiments in the Autumn 
of 1946 the present authors began parallel therapeutic experi-' 
ments with PAS against experimental tuberculosis in white mice.- 
At the same time a great many determinations of resistance of 
strains of tubercle bacilli to PAS and streptomycin in Dubos’ 
medium were obtained. These investigations are carried out 
partly in connection with clinical experiments that -take place 
at the St. Goran’s Hospital in Stockholm in cooperation with Dr. 
Westergren. Such observations as may emerge concerning the 
correlation between clinical developments and the fore-mentioned 
determinations of resistance will be published later. 

In vitro exferiments. Technique; to 5 ml of Dubos’ medium 
(0.05 per cent of Tween, 0.5 per cent of albumin) are added 0.5 
ml of falling dilutions of the bacteriostatic substance. For strepto- 
mycin the ratio of dilution has been 1/2, for PAS 1/5. The cultures 
that have been tested have pre^dously been cultivated on LoAven- 
stein substrate and then transferred to Dubos’ medium. They 
have not been used until they have produced an abundant growth 
in three to five days. These cultures have served as mother cul- 
tures. After adding two drops of developed culture the experimental 
culture is subjected to daily observation. Such growth as may be 
noted is defined as -f distinct growth, +-f moderate growth 
and -j — I — p abundant groAvth, as compared with a constant scale 
of turbidity. In the records of the experiments the ajipearance 
of the tests has been stated at a time Avhen the control culture 
has shown -j — 1 — [- (Avithout any bacteriostatic admixture). Tliese 
in Autro experiments (Table ]) disclosed, pro primo, that no sharp 
boundary exists between a concentration of PAS that arrests 
the groAvth of tubercle bacilli and one permitting grOAA'th, and, 
pro secundo, that the various strains vary, most considerably, 
in their primary susceptibility to PAS, much more than to strepto- 
mycin. In vitro the effect of PAS aa'us found to be only relatiA^ely 
bacteriostatic. When the experiment Avas continued for an addi- 
tional few days, groAvths of tubercle bacilli appeared in ever 
increasing concentrations of PAS. 

Among strains of tubercle bacilli that proved primarily sus- 
ceptible to PAS the well-knoAvn laboratory strain H 37 rv Avas 
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Table 1. 


Difference in susceptibilUy to PAS (P) and sireptomycin (M) behmn 
some strains of tubercle bacilli. 


mg/lOO ml PAS 

u/ml strepto- 
mycia. 

10 

5 

0.4 

1.25 

O.OIG 

0.31 

O.oooo 

0.O8 

Control 

H 37 P 

(.+) 

(-b) 

-b 

-b-b 

■ 

-b-b-b 

M 

— 



■ 

-b 

-b-b-b 

2101 P 

— 

— 

-b 

-b(-b) 

-b-b-b 

M 

— 

— 

— 

— 

-b-b-b 

Ravenel P 

M 

4-4- 

-b-b 

-b-b-b 

-b-b-b 

444 

K 147 P 

M 

-h-i- 

-b-b 

-b-b 


-b-b-b 

0 17 P 

-b+-t- 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

M 

— 

— 

4* 

-b-b-b 

-b-b-b 

S 102 P 

-h-K-b) 

-b-b(-b) 

-b-b(-b) 

-b-b-b 

-b-b-b 

M 

— 

— 

-b(-b) 

-b-b 

-b-b-b 

S 120 P 

-b-b-f- 

-b + + 

-b-b-b 

■ -b-b-b 

•bbb 

M 

not tested 

(4") 

-bt-b) 

-b-b(-b) 

-b-bb 


noted and among fhe more resistant ones tlie likewise well-known 
Ravenel strain. 

Animal experiments. In onr preliminary animal experiments 
with PAS-treatment of experimental tuberculosis in white mice 
(Fig. 1), we used the PAS-susceptible H 37 strain in compara- 
tively large dosages, viz., 1 mg intravenously. In addition series 
of mice were infected with 1/4; and 1/16 dosages in order to serve 
as a standard for calculating the order of magnitude of a possible 
effect in such groups of animals as were subjected to therapeutic 
experiments. PAS was added by means of subcutaneous injections 
of 2.5 mg twice daily in mice of about 20 grammes, corresponding 
to a clirdcal dose of 14: grammes per os for an adult patient. 

The time of survival of the animals served as a measure of the 
degree of severity of the infection or of the therapeutic result, 
if any. The macroscopically judged lung findings (0 to -1-+++) 
were recorded. 

In this initial experiment all control animals as well as the 
animals of the standard groups died in massive tuberculosis 
(except two animals with 1/16 dosage where the extent of the 
pulmonary tuberculosis was somewhat more restricted). Also m 






the group treated with PAS all animals died, hut only those 
who lived longest had massive lung tuberculosis, and tlic distri- 
bution within the group, as well as the length oi time of survival, 
differed from the control group. For the therapy group the mean 
length of life laj’’ outside the mean -j- 2 cr. 

In a preliminary experiment guinea-pigs were seen to endure 
25 mg PAS X 2 subcutaneousl}’- without showing any objective 
morbid symptoms. In a new experimental series, therefore, both, 
mice and guinea-pigs were used, the effect of PAS in varying 
dosages being compared with that of, inter alia, strcpton\ycin. 
Further, the possible combined effect of PAS and streptomycin 
was investigated. 

This time in the experiments on mice the PAS-susceptible 
strain H 37 as well as the relatively PAS-resistaut Ravenel strain 
were used. Fig. 2 reveals a marked increase on tliis occasion of 
the time of survival in the standard groups in the experiment 
with H 37 {the infection dose this time being only 0. OG mg in the 
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control as vrell as therapy series) but the effect of PAS 2.5 mo x 2 
subcutaneously (PAS I) or of half this dosage (PAS 11) h not 
statistically significant. Streptomycin in a dosage of 500 units x 2 


Table 2. 

Macroscopic post-moriem findings in guinea pigs from control and 
therapeutic groups in chemotherapeutic experiments 
{same experiment as in fig. 4). 


i 

Survival time, 
days 

Slacroscopic post-mortem findings 1 

(extent of tbo) j 


lungs 

liver 

spleen j 

a) control and standard groups. ! 

1 

19 


+ + 

+ + 
++{+) 

+ + + 

+ + + 

0 

444 

444 

4444 

4-'i--i--i- 

444 

4 . 4 , 4 . 

4444 

4444 

444(4) 

; 

20 

+('+) 

+(-f) 

+(+) 

-f+ 

0 

i 

20 


21 

; o 

21 

j to 

22 

' 

22 

(+) 

~h~f 

+(+) 

+++(+) 

+(+) 

+++ 

+(+) 

++ 

1 4* 

22 

i C) 

29 

I ^ 

32 


Slean 22.8 

Mean + 2 tr = 31.54 





33 

+(+) 

+(+) 

+(+) 

+(+) 

++(+) 

++ 

+ 4- 
++(+) 

-(- + + 

+ +( + ) 

+ +(4-) 

+ 4- + 4- 
4- + 

+ + + 
4--t4' + 

+ 4-(+) 

444 


34 


o 

35 

4444 

36 

444(4) 

to m 

36 

444(4) 


39 

4444 

y *3 

42 

4444 

1 M 

44 


444(4) 

-4.3 

! 

46 

4--l-4-(+) 

4-4-{+) 

444(4) 

58 

444(4) 

i 

Mean 40.1 

h) PAS-treated groups. 





15 

+(+) 

0 

4-4-(+) 

0 

444 


17 

0 

. 

17 

0 

0 

4 


21 

+ + 

4'(+) 

- 1 - + 
++{+) 
++(+) 

+ +(+) 

+ + + + 

+ -f 4- 

4444 

X^' 

23 

4-4- 

444 

tpco 

25 

4-4-4- 

444(4) 

o£i 

(M 

32 

-i--i--i-(4) 

32 

4-4- 

444(4) 


34 

4-(4-) 

-l-4--b 

4444 

; ^ 

i 

39 

444 

Mean 25.5 
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Survival time. 

Afacroscopic post-mortem findings 
{extent of tbc) 


days 

lungs 

liver 

spleen 


20 

0 

4-4- 

-^4--^{4-) 


21 

0 

0 

4-4-4- 


25 


-f-f 


K 

95 

U__l- 

4-4-(4-) 

-i-4-4--i- 

X n 

95 

4-’(-i-) 

4-4-(4-) 

0 

4--|--i--f 


95 

-i-4- -f--!- 

-)--)- 4 ..). 


97 


4- .). 4. 

4- 4 . .j. .). 

0 

29 

4-4- 

-f -p-f-f 

JU .U 4 - 

CO 

29 

4-4-(4-) 

.j. 4. 4. .). 

-)..). 4- 4 . 

< 

30 


4 - 4 - -i- -f 

4-4-4- 

p-t 

Mean 25.0 




c) Streptonij'cin-treatcd groups after 3G days one dose daily. Ireatiiienf 
stopped after 112 days. 




87 1 

0 i 

I « 

: 0 

X 


127 i 

0 

1 0 




135 

-r(-b) 

! 4--!- (4-) 

4-4-4-(4-) 



137 

4-4- ' 

, J. 

4 .- 1 . 

' 1 i 



142 

4-f4-) 

! 4 . 4 - 

4 . 4 - 

CO? 


14G 

4-4-(4-) 

4--)- 

i 4..!-4.(4-) 

1 *" 


190 i 

4-4-(4-) 

-1-4- 

j 4-4-4-{4-) 



158 

4-(4-) 

0 

! 



1G5 

4-(4-) 

U- J- 

i 4-4- 

iu' 

u 

(Killed) 

205 

0 

0 

0 


Alcan 

145.7 



! 


S'! 

X 



25 

. . ' 1 

4.4. 

53 

..: 6 ! 

0 

G4 

••i 4-4-(4-) 1 

4-4.4. 

85 

••i 0 i 

6 


..! 4. 

0 


0 

-i- ++(-f) 

0 

0 







no 

102 

107 

107 

114 


I 

! 


+ +{+) 
+( + ) 

+ + 

■r ++(+) 

+ + + 


+ + 

+ +H-) 

+ + 

+ + ■ 4 * 


+ -r+(-r) 

4- 

+(-!-) 

+ -i- 4- 

4.4..). 


Alcan 84.0 


d) Combined PA8 — 3trcptom3'cin — treated groups after 3G dav.s one dose 
daily. Treatment stopped after 112 daj-s.' 


(M 

l + xa 

! 0 — <-< 

i «oco 

41 

4G 

58 

58 

4 . 

G 8 

71 


73 


79 

^ 0 

114 

< s" “ 

128 

Ph 43 03 
03 

Afean 73.1 


0 

f 

T 

+ 

+ + 
+ 

+ 

0 

+{+) 

0 

+++ 


I 


0 

0 


! +4H-( + ) 

I ++( + ) 

i ++(+) 
i -IH-i-i- 
i 4-4--!- 
0 
0 


0 

0 

4.-). 

4--I- 

4 . .j-{4.) 

-(.4.4. 

4 - 

4-4- 

0 

-j-4.4- 
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Fig. 2. 


subcutaneously (SM I) and in half this dosage both disclosed 
considerable effect. PAS and streptomycin in combined half-dose 
(PAS II + SM II) caused a certain, though not statistically 
significant increase in the time of survival. After 36 days only 
one injection daily was administered in any of the experiments. 
After 112 days the treatment was entirely discontinued. 

Fig. 3 demonstrates a therapeutic experiment with the same 
PAS and streptomycin doses (PAS I and SM II) as in Fig. 2, 
though with the more resistant Ravenel strain as infection, i. c. 
0.06 mg intravenously. Also in this instance the time of survival 
increases in the standard groups. The effect of PAS is not definite, 
while that of streptomycin is considerable. 

In a more extensive experiment with guinea-pigs (Fig. 4) the 
Ravenel strain was used. 2 mill, tubercle bacilli were administered 
intravenously in the forelegs of the control and therapy groups. 
Standard groups of 1/5 and 1/25 dosages show the effect on the 
time of survival of a decrease in the doses. Also in this case the 
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Pig. 3. 

time of survival served as a measure of tlic degree of severity of 
the infection as well as of the therapeutic result, if any. The 
macroscopic post mortem findings served ns a control. Table 2 n 
— d shows details from guinea-pig groups treated with PAS and 
streptomycin. PAS of 20 g x 2 subcutaneously (PAS I and half 
this dosage, PAS II), corresponding to a full clinical dose (11 
grammes per os to adults) has no definite effect. Sodium salicylate 
(US), in doses corresponding to those of PAS, discloses no thera- 
peutic nor any definitely toxic effect. Promizole (Diason Astra, 
Pr) 0.07 grammes X 2 per os lias a definite, though not partic- 
ularly pronounced effect. On the other hand, streptomycin in a 
dosage of 5,000 units X 2 subcntajicosuly (SM I) and half this 
dosage (SM II) shows a considerable effect. As against half the 
streptomycin dose only, a combined dose of lialf PAS and half 
streptomycin (PAS II -f SM IT) causes no increased therapeutic 
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effect. Also in these experiments, after 36 days only one injection 
daily was given, after 112 days none. 

One of the disadvantages of streptomycin is the relatively easy 
development of chemoresistance. In order to investigate whether 
the same applies to PAS determinations of the resistance to PAS 
and streptomycin of the H 37 and Bavenel strains were made 
in vitro, from ordinary laboratory strains, as well as from strains 
cultivated from organs of animals treated with PAS. 

Prom Tables 3 — 7 it will be seen that no definite increase or 
decrease in susceptibility or resistance to PAS has occurred 
under this treatment. In the one single case where the resistance 
of a strain from an animal treated with a combination of PAS and 
streptomycin has been tested (Table 7), no resistance to either 
PAS or streptomycin could be ascertained. 

While the experiments took place, Youmans published thera- 


EXPBRIJIKNTAI/ TUBEHCULOSIS IN MICE. 

peutic experiments ivitli PAS against an experimental tuber- 
culosis in white mice, stating that PAS is »at least moderately 
effective for the suppression of tuberculous infection in white 
mice, though not so effective, in the doses, used as streptomycin)). 
Thus, we are in a position to confirm these results of Youmans. 


Tnlilo 3. 

In vitro test for susceptibiWij to PxlS (P) and strcploinycin (M) be- 
fore and after treatment (PAS full dose of H S7 
tn mice experiment. 


1 3Ig/100 ml PAS 

1 ll/ml strepto- 
mycin 

10 

; 1 
: ^ i 

! 0.4 
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H 37 untreated P 
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+ + + I 
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“F i 
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+ + + j 
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i — , 


! -f-i'-i- ) 

1 H 37 PAS- P 


{+) i 

+ 1 

d--f 

' 1 

' treated 34 d. M i 

— 
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+++ j 

H 37 PAS- P 

(-i-) 

1+) 


-h-l- 


treated 34 d. M 

\ — 


-h 1 


-{■ + -!' 


Tahlo i. 


In vitio tests for suscepibiliip to PAS (P) and slreptompcin (M) be- 
fore and after treatment (PAS full dose) of Bavoncl 
in mice experiment. 


mg/100 ml PAS 

10 

0.4 

O.oic 

O.ooon 

I 

1 

ll/ml strepto- 
mycin 

r> 

1.2.'; 

0.31 

O.os 

Cont rol 1 

! 

Ravcnel, P 

untreated M 

-h-hl-h) 

not tested 

+ + 

+■!- + 
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+-{-■+(+) 

'(-++ 
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+ + +{+) 

Rovenol, PAS- P 
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+ ) 
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(+) 
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+ +(-f) 
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+ + + 

-h-H-f-j-) 












126 


B. SWEDBERG AND G. WIDSTROM. 


Table 0. 


In vitro tests for susccptihility to PAS (P) and sireplomycin Oi) be- 
fore and after treatment (PAS full do-e) of Bavenel 
in guinea-pig experiment. 


mg/lOO ml PAS 

10 

0.1 

O.oic 

O.oooc 

■ 

ll/ml strepto- 
mycin 

5 

1.25 

0.3 1 

O.os 

Control 

Knvenel, P 

untreated 51 

++(+1 

+ +( + ) 

+ +( + ) 
(+) 

++( + ) 
++(+) 

-f-l--f(-l-) 

-P++(-f) 

Knvenel, PAS- P 
treated 32 d. 5t 

++ 

not tested 

+ +( + ) 
+ 

+( + ) 

+++ 

++(+) 

+ 4-f 
++-1- 

I Ravenel, PAS- P 
; treated 32 d. 51 

+( + ) 
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4* + 

(•r^ 

4*4" 

+( + ) 

+-l-(4-) 
•+• + 

+ + + 

Ravenel, PAS- P 
treated 34 d. 51 


++ 

++(+) 

+ +( + ) 
+-1- 

+-|--b 
-f-f + 


Table C. 


In vitro tests for siiscepHbility to PAS (P) and streptomycin (M) be- 
fore and after treatment (PAS, half dose) of Eavenel 

in guinea-pig experiment. . , 


mg/lOO ml PAS 

•u/ml strepto- 
mycin 

10 
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1.25 
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O.oooc 

O.os 


Ravenel P 

+ -!-(+) 

+ +( + ) 

-!-+( + ) 

-!-+{+) 

-P-f-f{+) 

untreated 51 

not tested 


(+) 



Ravenel PAS- P 

+ +{ + ) 


+ +(+) 

-l--f ( + ^ 

-1--1-+ 

treated 25 d. 51 

not treated 


( + ) 

+{+) 


Ravenel, PAS- P 

+ + 

4-4~ 

++(+) 



treated 27 d, M 

not tested 


+ +(+) 

4-4'(4~) 

•i--h + 

Ravenel, PAS- P 

+( + ) 

+-I- 

4-4- 
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Tnblo 7. 


In viiro ie&i^ for imceptihiUiy io PAS (J?) and sirepiomycin (M) be- 
fore and after ireaimeni. {PAS and streptomycin, half doses 
combined) of Pavcnel in guinea-pig experiment. 


mg/lOO ml PAS 


0.4 

O.oio 

D.oooc . 

i 

I u/ml strepto- 
j mycin 

5 

1.25 

0.31 

O.os 

Control 1 

i 

Rax-cnol, P 

untreated AI 

+ +( + ) 
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~ 

++-f 1 ++(+) 
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+++ ’ 
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+ 4-+ j 
+ i 
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++-f 

H'+l'i) 
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Suminnry. 

In a series of in vitro experiments a considerable difference 
in priinaxy susceptibility to PAS in different strains of tubercle 
bacilK is ascertained. 

In animal experiments xvitli PAS mice as veil as guincn-pi£ 5 .s 
can be used. A certain effect of PAS in vivo on tlic strain II 37 
witli its susceptibility to PAS can be noted. Tliis effect is not al- 
way.s statistically significant. In one experiment PAS-treatment 
las an effect equal to a reduction of the infection do.'^a're to 1/lG 
but in tivo other experiments the cilect falls belov that obtained 

infection dose to 1/4— 1/5. Ivo effect 
of PAS on an infection ivitli the PAS-rc.sistcnt Kaveiiel strain 

sSnCv I" corrospomling nmmal oxpcrimcls 

streptomyem disclosos a considcrabk ollcct on hath stnm-, 

in those exp'nmcnts a combhied treatment rvitli I’AS and 
streptomycra lias caused no ascertainaMe effect over and above 

that of each drug separately, wl.etber in tl.e strain susceptible 
to IAS or m that resistant to it. ‘^‘-pume 

or lestoaiiccto i"™"" ^"“copliWlitv 

been de“ald ' bus 
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The introduction of sulphonainide and penicillin treatment 
has very decidedly modified the prognosis of purulent meningo- 
coccic and pneumococcic meningitis, whereas on Pfeiffer men- 
ingitis tlie effect of these drugs has varied considerably and in 
most cases has been ver)^ small. In the United States, however, 
good and constant results have been observed in recent yeans 
from a combination of chemotherapy and the nd7ninistration of 
tjT^e-specific rabbit immune serum. 

Pfeiffer’s bacillus, Haemophilus influenzae, was isolated by 
Pfeiffer in 1892, and the first descriptions of this mici'obo as a 
cause of purulent meningitis were given by Fraonhol (1898) and 
Slawyk (1899). 

In 1930 — 33 Pittman (35, 3G, 37) denromstrated that Pfeiffer’s 
bacillus occurs in both non-capsulate and capsulatc forms. Ac- 
cording to their capsule antigens the capsulatc forms are differ- 
entiated into six types, a, b, c, d, e and f, and Pittman showed 
that the great majority of the strains isolated from purulent spinal 
fluids in the United States are capsulatc and of Type b. 

As in the case of the pneumococcus, the specific substances 
in the capsule are various pol 3 ^saccharidcs, most of which have 
been isolated and studied by Hcidclbcrgcr et al. at tlic Colum- 
bia University (10, 11, 28). 

Carried out with support from P. Carl Peterson Fonndalioti. 
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Pfeiffer meningitis is essentially a disease of early childhood 
and particularly frequent in the first three years of life. It occurs 
somewhat more often in winter than in summer, and inDeninaik 
there is some tendency towards an accumulation in the final 
quarter of the year (18). The disease is never epidemic. 

The clinical ficlure of Pfeiffer meningitis is subject to a good 
deal of variation, from a fulminating, acute course as in severe 
meningococcic meningitis to a more insidious one as in tuber- 
culous meningitis. The tendency perhaps is mostly towards a 
protracted course. 

In older children (and in the rare instances when the disease 
attacks adults) the typical meningeal symptoms are quick to 
make their appearance. Petechiae, ecchymosis and exanthema 
are never seen. 

In most cases the general condition rapidly becomes very bad, 
but in some cases the patients are relatively little affected at first. 

The temperature is high as a rule, sometimes irregular high and 
fluctuating gmng place to other periods in which the temperature 
is lower. 

After some time there are occasional symptoms of complicating 
encephalitis or neuritis. 

In some cases the meningitis is complicated with other purulent 
processes such as otitis, sinuitis, pneumonia, empyema, arthritis 
and subcutaneous or intramuscular abscesses; but generally it 
is difficult to decide whether the meningitis is the primary patho- 
logical process from which the bacteria have subsequently spread 
to other parts of the organism, or it is secondary for example to 
otogenous or nasal affections. 

With infant children the diagnosis is often difficult, as the 
direct symptoms of meningeal affection in most cases are but 
little pronounced in the early stage. Frequently the first objective 
sign of meningitis will be a tense fontanelle. Rigidity of the back 
of the neck and of the spine, Kernig’s and Brudzinski’s symptoms 
are often absent or only faintly developed and are difficult to 
appraise. For these reasons it is important always to make a 
spinal puncture in children who are feverish from an unknown 
cause. 

The analysis of the spinal fluid generallj'' shows numerous 
polynuclear leucocytes and a moderate protein increase. The 
sugar and chloride contents are usually reduced. 

The conclusive diagnosis of Pfeiffer meningitis is arrived at 
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witli tke finding of Pfeiffer’s bacillus. In some cases it is seen 
by direct microscopy, particularly after centrifuging, but in 
many cases the bacterium is only found by cultivation, and there- 
fore ‘'the spinal fluid should always be examined in a special 

bacteriological laboratory. ^ ... 

Prognosis." The spontaneous lethality of Xfeiffei" meningitis 
varies between 90 and 100 %, all age groups considered. For 
children under two years it is iiractically 100 % (7). 

Q'he results from treating with siilphonninide vary considerably 
in different materials, but most frequently 30 to (0 % of children 
older than seven months will die, and almost all younger children 
(1, 12, IG, 17, 21, 22, 21, 20, 30, 38, 40). 

In Denmark in a material comiirising 93 patients under sulphon- 
amide treatment there was a lethality of 8‘2 among children 
older than 7 months. All below IS months died. Of other 27 
patients treated with sulphonamklc and penicillin combined, 
26 died (18). 

At one time horse immune serum was used, without definite 
effect (19, 24, 26, 29, 37, 44). 

Events took a decisive turn, however, when Alexander (2) in 
1939 inaugurated treatment with type-specific rabbit immune 
serum, later combined with sulphonamidc. Treating 26 patients 
with serum alone Alexander found a lethality of 35 % (3). In 
her last material of 87 patients (u) treated with sulphonamidc 
and serum combined the lethality was 22 %, and in various 
other materials it varies between 7 and 24 (15, 25, 38, 39, 42). 
But the lethality is still high (getting up to 80) among children 
under 7 months. 

Very promising reports have most recently apjieared (G, 8, 9, 
13, 2t, 31, 32, 33, 43) concerning the effect of .streptomycin, and 
the lethality .seems to be about the same as when type-specific 
rabbit immune serum is used. It is therefore the advice of variou.s 
authors (9, 2/, 31), especially in the severe acute and sub-chronic 
cases, to treat at once with both streptomycin and sulphonamidc 
as well as type-specific rabbit immune serum, by rvliich means 
the lethality can, it is held, be reduced still more. 

Own Observations. 

In Denmark so far the examination of capsule auti^Tcns in 
strains of various origins has led to the identification '’of five 

9 — 'i82174. Aciamcd.scandinav. yol.CXXXI. 
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different types. Of 120 strains cultivated from purulent spinal 
fluids, 125 were of the same serological type and identical mtli 
the American Type b.^ Type a was found in only one instance 

In the period from October 1946 to February 1947 at the Bleo- 
dam Hospital in Copenhagen we have given 7 patients with 
Pfeiffer meningitis (Type b) a combined treatment with sulphon- 
amide and type-specific rabbit immune serum. The first patient 
received serum prepared by E. E. Squibbs & Sons,l the others 
serum produced at the State Serum Institute, Copenhagen. The 
specific components of the latter serum were concentrated accord- 
ing to the same principle as that applied in the manufacture ol 
concentrated pneumococcus serum. The strength of the serum is 
measured in mg specific antibody-nitrogen and is also indicated 
in units (1 mg = 1,000 units). Animal tests have shown the 
effect to be type-specific. 

Of these seven patients, two died. These two were 7 and 9 
months old, the others were 5 months, 12 months, 18 months, 
18 months and 5 years. 

One of the two patients who died (No. 3) had been treated for 
severe mastoiditis. The spinal fluid had originally been normal, 
but numerous polynuclear cells were found later, and on cultiva- 
tion, one colony of Pfeiffer bacilli. Type b, was found once. The 
autopsy revealed no definite sign of meningitis. In all probability 
the patient died as the result of severe mastoiditis, and as serum 
was not given until the child was moribund, the case tells us 
nothing of the effect of the serum treatment. 

When working out the principles for the treatment we pro- 
ceeded along the lines recommended by Alexander, adapted to 
the laboratory possibilities available. At times the treatment 
was marked by tbe small quantity of concentrated serum at our 
disposal. 

Although our present material is very small, we believe we can 
single out certain points of importance. 

As the intravenous injection of serum in babies is often very 
difficult, we soon decided to administer it intraperitoneally, it 
having been demonstrated (14) that this application ensures 
quicker absorption and higher concentration than intramuscular 
injection. We observed no discomfort from this procedure. 

' We are obliged to Dr. H. E. Alexander, Babies Hospital, New 
furnishing us with type-specific strains and test sera, and to Dr. A. Holm, a. K- 
Squibbs & Sons, New Jersey, for therapeutic serum. 
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It seems to be ver}’- important to begin the specific treatment 
at the earliest possible moment and to give fairly large doses of. 
antibody immediately. 

For Patient No. 2 the diagnosis was made very quickly and a 
vigorous specific treatment was commenced only 24 hours after 
the onset of the disease. Complete cure was obtained in a very 
short time. However, one contributory factor was possibly the 
circumstance that the patient was a relatively old child (5 years). 
As already stated, prognosis is best for older children. 

"WTiile the treatment is in progress the temperature curve will 
be of only little guidance. In the case of one of those who died 
(No. 5) there was an intial fall in the temperature, decreasing cell 
count and transient improvement. As the patient was only 7 
months old, was very ill and the onset of the disease was at least 
six days before, a more intensive treatment ought to have been 
instituted from the start, but this was imjiracticable owing to 
lack of serum. The rapidly falling titre for free antibody in the 
blood shows that the treatment was insufficient. It is also possible 
that serum should have been administered intraspinally. 

In respect of Patient No. 4, for whom the bacteriological diag- 
nosis was made somewhat late owing to the slow growth of the 
bacteria, a distinct improvement was observed in the general 
condition under the sulphonaniide and penicillin treatment, 
the temperature became normal and the pleocytosis subsided, 
although bacteria Avere still found on cultivation. However there 
was a rapid relapse, and a quick cure AAns only effected after the 
application of a large quantity of antibody. 

On the other hand, a persistent temperature increase may be 
a result either of the sulphonaniide therapy (drug fever) or the 
administration of antibody (serum reaction). This was undoub- 
tedly the case Avith Patient No. 1 and probably also Patient No. 6. 
In the latter instance, hoivever, atc considered it necessary to 
prolong the treatment because bacteria appeared tAvice in the 
spinal fluid after it had been sterile. In all the patient Avas given 
770 ml serum = 1,071 mg specific antobody-N diidded over 14 
injections spread over a period of 33 days. Neither in this nor in 
the other cases did Ave obserA’^e symptoms of any graidty attribut- 
able to the administration of non-specific protein. As a general 
rule, however, it Avill undoubtedly be better to apply large quan- 
tities of serum at the A’^ery beginning rather than continue ad- 
ministration over such a long time. 
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Alexander attaches great importance to the spinal-sugar values 
in determining both the dosing and the specific treatment. For 
values -ander 15 mg % Alexander gives 100 mg antibody-N, 
between 15 and 25 mg % she gives 75 mg, between 25 and 40 
mg % 50 mg and over 40 mg % 25 mg. 

The value of the spinal sugar prior to the commencement of 
treatment is also stated to have a bearing on the prognosis, it ' 
being very grave at values below 15 mg % and good at values 
over 30 mg % 17). 

With onr small experience of course we are unable to reach 
any final conclusions, but we must point out that for our two 
dead patients the lowest observed values for the spinal sugar 
were 37 and 15 mg %, whereas for those who survived they 
were 10, 43, 11, 4 and 23 mg %. 

Our preliminary view is that there is a risk of underdosing by 
following Alexander’s dosage scheme on the basis of the spinal 
sugar values. 

Another guide to the treatment is the presence of free anti- 
body in the patient’s serum. Alexander requires an excess still 
demonstrable in a serum dilution of 10. With our technique the 
antibody titre in most cases is no higher than 4, in some instances 
8, which in our present experience seems to be adequate. 

We have said that our experience so far is small, but we believe 
it to be important to present the material now, in order to draw 
attention to the possibility of obtaining better results than 
hitherto in the treatment of patients with Pfeiffer meningitis. 

We believe it advisable always, and as early as possible, to 
give two large serum doses of 100 mg antibody-N, the one 24 
hours after the other — according to the same principle observed 
in the pneumococcus serum treatment. The serum should be 
administered intravenously, or in the case of small children 
intraperitoneally. Eaise a fold of the peritoneal sldn and inject 
in the medial Ime about 2 cm below the umbilicus with a bevelled 
needle. 

Six to twelve hours after the last serum injection the quantity 
of free antibody in the patient’s serum should he determined and 
the continued serum treatment dosed accordingly. In addition, 
the spinal fluid should be tested daily (cell count — spinal sugar — 
bacteriological test) as long the disease is still thought to be out 
of control. 

If bacteria continue to appear in the spinal fluid several days 
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after the serum treatment is begun, it is probably advisable to 
inject serum iutraspinally, about 10-15 mg autibody-h;, after 
remo^*ing a suitable quantity of spinal fluid. 

The serum treatment should be accompanied simultaneouM} 
with sulphonamide (Sulphathiazol or Sulphadiar.ine) according 
to the usual principle in large doses. 

This treatment should be commenced as soon as the diagnosis 
of purulent meuingitis is made. Treatment with penicillin ha^ 
110 definite effect. 

If streptomycin is obtainable it should be used as well 
applied according to American experience in intermittent intra- 
muscular injections every three hours, in all 0.6 to 1 g daily. 

Treatment with chemotherapentica must be continued for 
about a week after the spinal fluid is found to be sterile. 


^’one of these patients were trc.ited with streptoniyein. Sinee fchnwry 1947 
we have tre.ated 14 patients with Streptomwin, Jjiilphonamide .and Serum. The 
results will be published later. 

Patient Xo. 1. o 5 months. Hosp. 0. 46 — 9. 11. 46. Xo. 
6049/46. Previously well. 

For 10 days watery faeces several times daily atul occa.sional vomit- 
ing. During last few days tp. rose to 40‘: increasingly restless. On 
admission tp. 39. i. Very ill, with tense fontanelle and rigid neck. 
Xmnorous polynnelear cells found in spinal fluid, wlierefore peuicil- 
lin-sulphonamide treatment instituted. Tp. fell and general condition 
improved slightly. On 1. 10. 46 Scrum. Inst, reported finding of Pfeif- 
fer bacilli T\-pc b in culture from spinal fluid taken 2S. 9. 46 and type- 
specific antibody (rabbit serum Squibb) was given intravcnouslv and 
intramuscularly. Pfeiffer bae. still in sp. fluid on 3. 10. 46, bnt after- 
wards it is sterile. 

Tp. remains high but general condition improves steadily and coll 
count falls. After discontinuing sulphonamide and after slisht exan- 
thema on 12.— 13. 10. 46 roserabiing scrum exanthema, tp. falls. 
Geueial couditiou then improves quickly, but cell count still some- 
vrhat^increaj:cd. Discharged well on 9. 11. 46, and at control examination 
on lo. 1. 4;( the child found to be quite natural. Fesiardinsi details of 
laboratory finds and treatment, see fisz. 1. 


Patient Xo. 2 2 H. 5 years. Hosp. 30. 10. 46—19. 11. 46. Xo. 694S ’46 
Previously well. ' 

The day before admission the child comes home erving and com- 

s difiicult to y^ike. Later vomiting, shivering and tceth-erindine. 

-r.- T|.- very ill, drowsy. Pronounced nc^k aud~back 

rigidity. Xumerous polnuiclear cells and Pfeiffer bacilli Type b in spin.al 
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tluM, wherefore chemotherapy and specific scrum ' ( ' 

traven.) instituted immediately. Tp. falls oc-Nt day fluid 

sterile, and on tlie follov-'ing day tlie cliilcl is almost unaffectecl. Tne 
days later all symptoms subsided, and on the 21st day she is dischargee 
perfectly well. 

For details of laboratory finds and treatment, sec lig. 

No serum exanthema observed. 


Patient No. 3. $ A. 9 months. Ho.sp. 5. 11. ‘10 — f ^0- 1^- 

7132/46. Previously well. ... • ta 

For 8 — 10 da3’s serous nasal catarrh, decreasing in intensity. Day 

prior to admission tp. 39. c — 

Tp. on admission 40.5, and throughout the observation time rcniains 
between 40 and 41°. Very little affected on admi.s.sion and neck rigidity 
is doubtful. Spinal fluid contains 5/3 cells. Otoscopy reveals bilateral 
Otitis media, wherefore bilateral myringotomy performed at once and 
three days later Rcsectio proc. mast. Ostitis being found on both 
sides. 

Despite intensive treatment with penicillin and sulphonamide tlie 
child sank quickly. On 7. 11. 40 there Were numerous polynuclear cells 
in the spinal fluid, and one colony of Pfeiffer bacilli Tvjie b was found 
in culture. On 8. 11. 46 the cell count was still higher, but no bacteria 
(though no serum given j’ct). 

Immediately Pfeiffer bacilli were found by culture from .spinal 
fluid the patient was given type-specific antibody (intinperitonenlly) 
In this stage the child was moribund and death occurred 21 hours later. 

Autopsy showed the meninges perhaps slightlv hyperaomic, but. no 
thickening, nor was fibrino or pus ob.servcd. Tlie membranes were 
almost clear and quite transparent. 

The cerebral tissue Was moist, but without haemorrhage or abscesses. 

Thus no meningitis could be found by aiitoirsy (Dj. 'Winitrup). 


Patient No. 4. o S. 18 months. Ho.sp. 20. 11. 46—14. 12. 46. No 
7478/46. 

Nasal catarrh and a cough for 9 — 10 days, treated with in all 5 g 
sulphonamide. Admitted to children’s ho.spital, wlicre .spinal puncture 
revealed 3,000/3 cells, wlicrefore she was transferred immediatclv lo 
Blegdam Hosp. On admi.ssion there tp. was 39..|°. Very ill, palc-cyanot- 
ic, neck rigid, and diffuse rales over both lungs. During treatment 
with pcmciUiu and sulphonamide the tp. fell and the pleocvtosis 
decreased. On the 5th day tp. ro.se again, wliicli was regarded as drug 
tever, and after suspending tlic sulplionamidc the tp. fell to 37°, uatient 
being quite well. ^ 

Although Pfeiffer bacilli Type b were found in the spinal fluid taken 

on /o ii. 4b, no specific serum treatment was given under those cir- 
cumstances. 

Next day, however, tp. rose again and patient again became ill so 
ad^bisS'"*''”^ penicillin and Llphonnniide wore 
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On the following day the spinal fluid was sterile. Tp. fell to and 
remained at normal values, and the patient was doing very well in a 
few days. Nine days after the serum application there was serum 
exanthema without tp. reaction. On the 25 th day patient was dis- 
charged as cured. 
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Patient No. 5. § C. 7 months. Hosp. 28. 11. 46— f 10. 12 46 h’o 
7701/46. Six days before admission tp. 40.5°, swelling and ledne^^' 
apund right eye. The swelling subsided in two days, but the tp. con- 
tinued high. 

Tp. on admission 40°; very ill, with tense fontanella and pronounced 
neck rigidity; no petechiae. 

Numerous polynuclear cells and Pfeiffer bacilli, T}-pe b, in spinal 
fluid, wherefore treatment instituted as shown in fig. 5. Serum intra- 
peritoneally, in the last two days also intraspinally. Patient improved 
temporarily in first 24 hours. On 7th day spinal fluid sterile, but with 
bacteria on following day. On 8th day urticarial exanthema like serum 
exanthema, but as no reaction occurred after injection of small quantity 
serum intramuscularly, treatment continued and the exanthema dis- 
appeared next day. Explorative myringotomy performed several 
times during attack without revealing pus. 

General condition weakened gradually and death occurred on 13th 
day. Autopsy revealed severe meningeal changes. 


Patient No. 6. <J K. 12 months. Hosp. 28. 11. 46 — 30. 1. 47. No. 
7685/46. August 1946 Otitis media. Otherwise always well previously. 

Four days before admission tp. high with temporarily fall after 
sulphonamide. During last day drowsy, wailing; vomited once. 

On admission tp. 39.2°. Ill, with back and neck rigidity. Spinal fluid 
contains numerous polynuclear cells and bacteria which culture 
proved to be Pfeiffer bacilli Type b. 

In response to sulphonamide, penicillin and later type-specific 
antibody, tp. fell, general condition improved, and spinal fluid became 
sterile with falling cell count. 

However, some days later bacilli appeared again and tp. rose, where- 
fore serum again administered. The Bacilli disappeared immediately, 
to reappear 14 days later with simultaneous tp. rise, and pleocytosis 
increases. Injection of very’^ large serum doses now continued {intra- 
peritoneally, on 28. 12. 46 also intraspinally), despite transient serum 
exanthema* on 19. 12. 46. Thereafter spinal fluid sterile. 

On about 26. 12. 46 the child very ill. Cell count rose to 9100/3, but 
the condition improved gradually, tp. fell and pleocytosis decreased. 
On 31. 1. 47 the child discharged in perfectly good condition without 
psychic or somatic defects. 

Patient No. 7. § R. 18 months. Hosp. 30. 1. 47 — 27. 2. 47. No. 

761 — 47. . . r 

Four days before admission suddenly ill with cold shivermgs, tever- 
ish, vomiting and drowsiness. 

Tp. on admission 38.0°, very ill, with marked neck rigidity but no 
petechiae. 

Spinal fluid contained numerous polynuclear cells, and cultivation 
revealed Pfeiffer bacilli Type b, wherefore treatment instituted as in 
fig. 7. Serum intraperitoneally. 
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It being the general rule that the fe^v strcptoim'ciu-resistant 
bacteria in an otherwise sensitive culture are sensitive to sulphon- 
ainicles, treatment with agents of this group will slow down the. 
rate of multiplication of the streptonwein-resistant bacteria 
and thus possibly prevent the development of resistant strains. 

Working on this theory Alexander <& Leidy (1947) (4) tried 
treating the severe cases of meningitis with streptomycin and 
sulphadiazine alone. So far, however, the material is onh’ small. 

In their latest work (4) these two authors advise the administra- 
tion of streptomycin in doses of 44 mg per day leg body Avoight. 
The injections should be given intramuscularly every three hours, 
in addition to once a day intrathecal ly, 25 mg for children under 
three years, 50 mg for older ones. The first two injections may 
be given with an interval of 12 hoiu’s if necessary. To avoid the 
serious toxic symptoms, the streptomycin treatment should not 
be continued longer than four or five days. AYhat is not achieved 
by this treatment will scarcely be achieved by longer do.sing. 

It might have been anticipated that with the intensive treating 
of Pfeiffer meningitis many of the serious cases which now surAUve 
Avould manifest .signs of deep, irreparable cortical changes and 
hydrocephalus. To judge from the literature, this is not the case, 
even if there arc isolated descriptions of such after-effects. 

Own Observations. 

As the combined sulphonamide-senim treatment led to a decided 
improvement of the prognosis for Pfeiffer meningitis in Denmark 
also (Brochner-Mortensen, Engbmk & Schmith, 1947) (7), it was not 
considered advisable, having regard to the former very grave 
prognosis and the relativelj* small number of patients, to abandon 
this therapy for treatment with streptomycin alone, experience 
of this being only small as yet, judging by the literature. 

Now that streptomycin has become available in Denmark, it 
has been recommended that for the present all patients should as 
far as possible be treated with streptomycin as well as sulphon- 
amide and tj’pe-specific rabbit immune serum. 

Up to May 1st, 1947, this combined treatment Avas given to 
a total of seven patients from all of whom Pfeiffer’s bacillus 
type b Avas cultivated from the spinal fluid. 

The principles governing the seriim and sulphonamide treatment 
are the same as those described in the above-mentioned A\’ork. . 
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The child soon recovered, and the day after injecting the serum the 
spinal fluid was sterile. Urticarial exanthema seen on 10th day but 
without much tp, reaction. 

Discharged quite cured on 29th day. 

Summary. 

As a result of treatment with type-specific antibody the 
lethality of patients suffering from Pfeiffer meningitis was re- 
duced considerably. 

At the Blegdam Hospital seven patients were treated; two 
died. 
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Pfeiffer Meningitis.^ 

Treated ^ritli Streptomycin, Sulphonamide and Type- 
Specific RaliMt Immune Serum. 

By 

HANS GHR. ENGBiEK. 

(Sabmitted for publication September 4, 1947.) 


Waksman et al. proved in 194:41: that streptomycin has a bacteri- 
cidal effect on Gram-negative rods. The effect on Pfeiffer’s bacillus 
■was later studied in ■vitro and in vivo by Alexander et al. (1946) 
( 1 , 2 ). 

Fifty type b strains from patients not treated with streptomycin - 
were all inhibited totally by concentrations of from 0.5 to 10.8 
units/ml medium, which means that all these strains ■were very 
sensitive to this agent. 

After coming under the influence of streptomycin it appears 
that the sensitivity of some strains is reduced considerably, so 
that they are not inhibited by concentrations of up to 1000 u/ml 
medium. In snob cases, treatment with streptomycin is without 
effect. Alexander (1946) (1), Alexander et al. (1946) (3) Birming- 
ham et al. (1946) (6) and Weinstein (1946) (12). 

Alexander & Leidy (1947) (3) have shown that in bacteria cultures 
of ten different strains of Pfeiffer’s bacillus there were in all 
instances small numbers of strongly resistant bacteria within an 
otherwise sensitive culture. The number of such bacteria in strains 
isolated prior to treatment is no greater for patients who react 
only poorly to streptomycin than for those who react promptly 
to the treatment. Consequently, it is to be assumed that the de- 
velopment of purely streptomycin-resistant strains depends more 
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on the rate of multiplication than on the primary number of re- 
sistant bacteria in the culture. In this Alexander & Leidy find an 
explanation of the fact that slight and moderately severe cases 
(in which the rate of multiplication of the bacteria is probably 
lower) are very often cured with streptomycin alone (Alexander 
et al. (194G) (5), Alexander & Leidy (1947) (4), 'Weinstem 
(1946) (12), Birmingham ct al. (1946) (G). 

The acquired increase of resistance is constant through man} 
passages, both in vitro and in vivo. 

In the U.S.A. in 1946 were published a number of cases of 
Pfeiffer meningitis which were treated with streptomycin, either 
alone or combined with sulphonamides and typc-spccific rabbit 
immune serum. The streptomycin was injected both intramuscu- 
larly and intrathecally because of its slight diffusion from the 
blood to the spinal fluid. 

As already stated, slight and moderately severe cases were 
cured in many instances by streptomycin treatment alone, but 
where severe acute and chronic cases are involved, streptomycin 
treatment alone is inadequate. Here it is advisable to administer 
type-specific rabbit immune serum and sulphonamide at the same 
time. Furthermore, this treatment is always indicated for children 
younger than seven months owing to the very grave prognosis 
in this age group (Alexander et al. (1946) (5), Hichols & 
Herrell (1946) (11), Logan & Herrcll (1946) (10), Ale.xander & 
Leidy (1947) (4). 

In 1946(9) the Committe on Chemotherapeutics and other Agents, 
National Research Council, published 100 cases of Pfeiffer menin- 
gitis treated with streptomycin. Of tliese patients, 17 died — a 
number which corresponds to the lethality in the combined scrum 
and sulphonamide treatment. Of those cured, only 18 were treated 
with streptomycin alone — the others were also given penicillin, 
sulphonamide or immune serum in various combinations. The 
material shows that streptomycin is often least effective when 
given late in the course of the disease after other treatment has 
failed. Therefore, treatment with this agent should begin early 
after the onset. 

In this material too there were a few streptomycin-resistant 
strains against which the treatment had no effect. 

Treatment with streptomycin for Pfeiffer meningitis mostly 
being of short duration, no serious toxic symptoms, from it have 
been observed. 

10 — mcd. scaiicfuioD. Vol. GXXXI. 
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Treatment vritli streptomycin is begun as soon as the bacterio- 
logical diagnosis is arrived at, and the penicillin treatment is 
discontinued simultaneously. Streptomycin is usually injected 
every three hours intramuscularly in doses of 100 mg and intra- 
tbecally once a day in doses of 25 to 50 mg. This treatment is 
continued for six to eight days. 

Six of the seven patients were cured. The one who died (^o. 14) 
was four months old. Streptomycin was given after about four 
weeks from the onset, the result apparently being a cure. Four 
weeks later, however, there was a violent relapse. The child was 
again treated with streptomycin and in addition rabbit immune 
serum corresponding to 100 mg specific nitrogen intraperitoneally; 
but the patient was already moribund when this treatment was 
begun. Post mortem examination revealed a firm, capsulated ab- 
scess in the left frontal region. This and another case (No. 9) will 
be published elsewhere. 

The case records of the remaining five patients are given below. 
Temperature curves and details of laboratory tests and treatment 
are shown in figs, 1, 2, 3, 4, 5. 

The six patients cured were 8, 11, 13, 14, 22 and 31 months old. 
The one who died was four months old. 

Pfeiffer No. 10. (J. A. 8 mouths. Hosp. 17-2-47, disch. 29-3-17. Cured. 
Previously well. For a month before admission ill with cough, nasal 
catarrh, bronchitis and temp, fluctuating from 38 to 40°. Treated four 
days with alphasol without effect. On admission to the Infant. Dept, 
on 17-2 pale, but not seriously ill. Meningeal symptoms found next day. 
The spinal fluid being turbid, treatment with suli^hathinzol and peni- 
cillin commenced. Culture from the spinal fluid having given growth 
of Pfeiffer’s bacillus type b, transferred to Blcgdam Hosp. on 20-2. 
Patient very ill, screaming, with tense fontanclle, considerable strabis- 
mus, convulsions and pronounced rigidity of neck and back. Otological 
examination: natural. Sulphonamidc treatment continued and rabbit 
immune serum corresponding to 100 mg specific nitrogen given intra- 
peritoneally against Pfeiffer’s bacillus type b. Next day worse, and 
spinal fluid not sterile. Excess of free antibody in serum found only 
after second serum injection. Simultaneously treated with streptomycin 
100 mg intramuscularly every three liours and 100 mg intraspinally 
once a day. On 22-2 the streptomycin concentration in the blood three 
hours after the injection = 24 units per ml, on 27-2 an hour after the 
m 3 ection 58 units per ml. Decided improvement under this treatment 
and streptomycin discontinued after third day. The meningeal symptoms 
subsided and the child now quiet. As the temp, on 26-2 rose slightly 
and the spinal sugar fell to 29, the third serum injection given intra- 
peritoneally to increase the antibody titre in the blood. The spinal fluid 
still being turbid and the patient again unwell, streptomycin resumed 
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as from 27-2. Patient quickly became better and now recovered com- 
pletely. On 2-3 the meningeal symptoms disappeared. On 5-3 all treat' 
ment discontinued. The temp, still slightly high, however, during the 
ne.xt 17 days, presumably owing to the many infiltrations in nates after 
the injections. Slight serum e.xantliema 18 days after the first serum 
injection. Otherwise no discomfort from treatment. Discharged after 
being dl days in ho.sp., quite well and with psychic development cor- 
responding to age. 

For details of laboratory findings and treatment see fig. 1. 

Pfeiffer No. 11 . < 5 , W. A. 11 months. Hosp. 10-3-17, disch. 22-4, 
cured. Ailing the last four or five months before present affection! 
Paracentesis duplex about a month ago, followed by abundant dis- 
charge from both cars. Owing to temp, increase the child hosp. a few 
days later (11-2) in the Infant Dept. Treated with penicillin for 10 days, 
then sulphathiazol for three days. Ears still discharging and temp, 
higher (10-2°), therefore transferred to Rigshospital Otological Dept. 
Not serioinsly ill. No meningeal symptoms. Purulent secretion from 
both ears. Tympani .swollen and red. Jlastoid region left and right 
natural. After transient fall of temp, it rose again. On 13-3 the spina! 
fluid turbid, but no bacteria found by direct microscopy. After peni- 
cillin treatment begun, operation resectio proc. mastoid, d. et s. per- 
formed. The bone somewhat soft, the cells full of a rather slimy, ropy 
secretion . Cultivation from this gave no Pfeiffer’s bacillus. No abscess 
or pus found. During following days treated with penicillin intramuscu- 
larly and sulphonnmide by mouth. After the operation a temporary 
fall of temp. A culture from the spinal fluid on 13-3 having given Pfeif- 
fer’s bacillus, streptomycin begun on 11-3, 100 mg intramuscularly 
every three hours and 40 mg intrnthecally once a day for 7 days. Treat- 
ment witli sulphonamide by mouth continued during the first days. 
On 14-3 also given tj^pe-specific rabbit immune serum for Pfeiffer’s 
bacillus type b intraperitoneally corresponding to 100 mg specific 
nitrogen. Five liours after the intrathecal inj. of streptomycin and four 
hours after the serum inj. the patient very limp, pale, poor pulse, but 
quickly recovered. The antibody titre in the blood having remained at 
2-4, further serum treatment not indicated. Patient not seriously iH 
at any time and quickly' got well under this combined treatment. 
On 14-3 and 15-3 the streptomycin concentration in the blood an hour 
after 100 mg intramuscularly: G4 and 48 units per ml. Temp, fell to 
normal, where it remained, apart from a brief rise eight days after 
treatment discontinued. This attack not due to a flaring rip of the 
meningitis but probably a slight sore throat. Operation cavities heale 
after about three weeks. Except for the said reaction — which possib y 
due to the serum injection — and a temporary diffuse exanthema, no 
discomfort from the treatment observed. Patient discharged cured after 
70 days in hospital. 

For details of laboratory findings and treatment sec fig. 2. 

Pfeiffer No. 12. ?. B. H. 13 mouths. Hosp. 24-3-47, disch. 26-4-47. 
Cured. Formerly well. D1 ten days before hosp. with transient temp. 
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and malaise. No meningeal symptoms. Last four days ‘ , 

laise, restless and screaming. Day before adm. ° ‘ 

symptoms and slight squint in right eye. On adm. to Central Ho.p., 
Slaf^else, very ill with strong meningeal symptoms and paresis ot rign 
n. abducens.' Spinal fluid slightly turbid and containing Gram-negative 
rods which on cultivation proved to be Pfeiffer’s bacillus tjqie b.^ 

Treatment commenced at once with intramuscular iiij. of penicil in 
and sulphonamide by mouth. Immediately after the bacteriologica 
diagnosis, treatment instituted w'ith streptomycin intramuscularl} 
every four hours and intrathecally every day for seven daj'S. Sulphon- 
amide treatment continued. On 25-3 and 26-3 also given t 3 'pc b/rabbit 
immune serum corresp. to 100 mg specific nitrogen intraperitoneallj . 
On 25-3 the streptomycin content in the blood two hours after the first 
streptomycin inj. = 36 units per ml, on 30-3 an hour after inj. = 32 
units per ml. General condition improved fairly quickly and temp, fell 
lyticallj*. Meningeal symptoms subsided and had disappeared by the 
30-3. On 2-4: the squint had gone. Disch. cured after 33 days, com- 
pletely well. Apart from a slight, universal urticarial exanthema on 29-3 
and 30-3, no discomfort from treatment. 

For details of laboratory findings and treatment see fig. 3. 


Pfeiffer No. 13. $. N. D. 31 mouths. Hosp. 21-3-17, disch. 21-4-1917. 
Cured. PreviousI}' well. Acutely ill 36 hours before admission to Horseiis 
Munic. Hosp. with temp. 40°, vomiting, convulsions and strabismus. 
No cough, no catarrh. 

Very ill, wandering, slight neck and back rigiditv. Otoscopy natural. 
Spinal fluid sterile, but no bacteriological diagnosis made bv cultivation, 
wherefore treated with penicillin intramusc. every three hours and 
sulphonamide by mouth. Result was a sudden fall of temp., but not to 
the normal. General condition cousiderablj' improved. Patient quite 
conscious, moved freely but still slightly meningeal. Desjnte penicillin 
and sulphonamide treatment for seven days, Pfeiffer’s bacillus type b 
cultivated from spinal fluid on 27-3. This diagnosis not being made 
until later (1-4-47), treatment was discontinued on 30-3; two daj’s later 
condition exacerbated acutely, meningeal symptoms increased, temp, 
rose and spinal fluid more turbid. Although no growth of Pfeiffer’s ba- 
cillus from this, it was undoubtedly a flare-up of the meningitis. When 
the bacteriological diagnosis on the spinal fluid was available treat- 
ment commenced on the 14th day of the disease with streptomjmin 100 
nig intramusc. every three hours and 50 mg intrathec. once a day for 
eight days. Simultaneously sulphonamide given by mouth. On 3-4 and 
4-4 given rabbit immune serum intraperit. against Pfeiffer’s bacillus 
type b corresponding to 100 mg specific nitrogen. A small dose (40 
mg) found in stock at the hosp. was given on 1-4. 

General condition improved quickly and symptoms subsided. No 
discomfort observed from treatment. Streptony-cin concentration in 
blood three hours after 100 mg intramusc. on 3-4 and 4-4 = 16 and 18 
units per ml. 


Patient discharged completely cured after 32 days in hosp. For details 
01 laboratory findings and treatment see fig. 4. 
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Pfeiffer No. 15. $. D. K. 21 months. Hosp. 1-4-17, disch. 3-5-47. 
Cured. Previously well. Last five days before hosp. drowsy, whimpering. 
High temp, observed only day before hosp. (38..i°). Not seriously ill 
on adm. to Hospital, Nykobing M., but malaise with slight meningeal 
symptoms. No catarrh or cough. Otoscopy natural. Spinal fluid puru- 
lent, but no bacteriological diagnosis. Treatment with sulphonaniide 
commenced immediately and continued 9 days. After three days pause 
treated with penicillin intramusc. every three hours for eight days. In 
this period the general condition practically unchanged and temp, 
still high. On 19-4 sub-occipital puncture, the fluid cultured and proved 
to contain Pfeiffer’s bacillus type b, wherefore as from 22-4, on the 27th 
day of the disease, treated for six days with streptomycin 100 mg 
intramusc. eight times a day, and for foim days also 50 mg intratliccally 
once a day. On 22-4 given rabbit immune scrum intravenously for 
Pfeiffer’s bacillus tj’po b corresponding to 100 mg specific nitrogen. 
Despite negative conjunctival test with normal rabbit serum prior to 
injection there was a fairly strong allergic reaction to the latter inj. 
with coughing, change of colour and exanthema, though recovery was 
quick after 1 ml. adrenalin. In the same period sulphonaniide was also 
given by mouth. During the treatment the temji. fell lytically to normal, 
spinal fluid became sterile and general condition improved. StTejitomy- 
cin concentration 12 units on 23-4, 45 minutes after intramuscular in- 
jection of 100 mg. Discharged completely cured after 33 days in hosp. 

For details of laboratory findings and treatment sec fig. 5. 

Serum treatment. One of the seven patients (No. 15) had a 
strong allergic reaction during the serum injection (despite nega- 
tive conjunctival test with normal rabbit serum), wherefore serum 
was discontinued, although the antibody titre after 24 hours was 
Ghly 1. 

Another patient (No. 11), had a rather severe collapse five 
hours after an intrathecal streptomycin injection and four hoiu’s 
after the serum injection, but the child soon rallied. As the anti- 
body titre in the blood remained at 2—4, further serum treatment 
was not indicated in this case. 

However, patients No. 10—12 and 15 showed that a single 
serum injection corresponding to 100 mg antibody-N is not always 
sufficient for producing such an excess; but it was secured by the 
second injection 24 hours later. • 

Patient No. 10, furthermore, makes it clear that, as has already 
been pointed out, there is a risk of scrum underdosing if one 
employs Alexander’s dosage table on the basis of the spinal sugar 
concentration. 

In no case did the streptomycin treatment produce toxic 
symptoms. It was injected intramuscularly in the six cases every 
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three hours, in one case (No. 12) every four hours. All were also 
given one dose in 24 hours intrathecally. 

The spinal fluid quickly became sterile with this combined 
treatment and remained sterile in all the patients who recovered 
at the same time the general condition improved rapidly. 

With regard to patient No. 10, Avho was in a grave condition, 
the first serum injection was given 24 hours before the commence- 
ment of the streptomycin treatment. Improvement was observed 
only after the second serum injection — which produced an anti- 
body excess in the blood — and streptomycin both intramuscu- 
larly and intrathecall 3 ^ In the other cases serum and streptomj’-cin 
rvere commenced together, and therefore it is impossible to differ- 
entiate between the roles played by the different therapeutics 
in the rapid improvement and complete recovery. 

While the treatment was going on a number of tests were made 
for the streptomycin concentration in blood and spinal fluid.^ 
The tests were few, but they show that after an intramuscular 
injection of 100 mg streptomycin the lowest concentration in tbe 
blood in this material from 45 mins, to 3 hrs. after the injection 
was 12 units per ml scrum. 

The Pfeiffer bacilli isolated from the seven patients were all 
inhibited by streptomycin in concentrations of §3 units per 
ml fluid medium. 

One point of special interest is that the strain isolated at tlie 
relapse of the patient who died (No. 14) was no more resistant to 
streptomycin than the other strains tested. 

The blood concentration tests show that single doses of 100 mg 
intramuscularly every three hours will probably maintain con- 
centrations that are inhibitory to Pfeiffer’s bacillus in children 
of up to two or three years. Similar tests of spinal fluids show that 
24 hours after intrathecal injection of from 25 to 100 mg there 
are still concentrations of streptomycin capable of inhibiting 
Pfeiffer’s bacillus. 

Sulphathiazol is inhibitive to five of the strains tested in con- 
centrations of § 5 mg%. Strain No. 15 was inhibited by 10 nig%, 
but No. 14 required > 20 mg% to inhibit growth completely. 

As in type-specific rabbit immune serum and streptomycin we 
have two effective therapeutics against purulent meningitis caused 
by Pfeiffer’s bacillus, it is of paramount importance to make the 

^ Those tests were made at the Institute of General Pathology, to vliose 
chief, Professor K. A. Jensen M. D., I extend my best thanks. 
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bacteriological diagnosis without loss of time. As it is often im- 
possible to find this bacillus by direct microscopy of the spinal 
fluid, and the type diagnosis in all cases can be made only by the 
capsular-swelling reaction, the spinal fluid should always be 
examined immediate!)’’ at a special bacteriological laboratorj . 

The prognosis for Pfeiffer-mcningitis being particularly grave 
for children under 2 years of age (in spite of sulphonamide treat- 
ment) (Engbailc, 1947), (8) all patients in this age group for the pres- 
ent should be treated immediately with streptomycin, sulphon- 
amide and type-specific rabbit immune scrum. The streptomycin 
should be injected by both the intramuscular and intrathecal 
routes. According to American experience, treatment for four or 
five days is adequate. As previously recommended, type-specific 
rabbit immune serum should be given in two injections, each of 
100 mg specific antibody-N, at an interval of 24 hours. Six to 
twelve hours after the latter injection the antibody titre sliould be 
determined in the blood and the continued serum treatment dosed 
accordingly. The resistance of the bacterium to streptomycin 
should always be followed during the treatment. 

Patients older than two years may, according to circumstances, 
first be treated with sulphonamide and scrum early after the 
onset. If the reaction to this treatment is not favourable (better 
general condition, sterile spinal fluid with falling cell count and 
rising spinal sugar) in the course of 48 hours, they should also be 
given streptomycin. This combined treatment should always be 
applied immediately in case of a relapse. 


Summavy. 

Six patients with Pfeiffer-raeningitis were treated with strepto- 
mycin, sulphonamide and type-specific rabbit-immune serum. 
All recovered. 

One patient (four months old) treated with strejjtomycin and 
sulphonamide improved temporarily, but had a relapse four weeks 
later due to a capsulated abscess and died, in spite of renewed 
streptomycin treatment. One scrum injection a few hours prior 
to death did not affect the course of the disease. 

All the .strains of Pfeiffer’s bacillus tested were sensitive to 
streptomycin. 

It is thus advisable to treat immediately all children under 
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two years with streptomycin and sulphonamide as well as type- 
specific rabbit immune serum. 

Children over two years may, according to circumstances, be 
treated first with sulphonamide and serum early after the onset. 
If the reaction to this treatment is not favourable within 48 
hours, they should also be treated with streptomycin. All three 
therapeutics should be applied immediately in case of a relapse. 
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From the Hospital St. Antoniushove, Voorburg. Holland. 
(Dr. Th. F. Bloem, Medical Director.; 


SuIpliBSiiccidiiic a Cause of Polyneuritis. 

J3r 

G. A. GUSSENHOVEN. 

(Submitted for publication October 6, 1947.) 


Sulpliasuccidiiie was introduced into tlie clinic by Potli c. s. 
(1—3) in 1941 and given ante and post operationem to prevent 
or cure inflammations of tlic colon and rectum and as treatment 
for bacillary dysentery and chronic colitis. 

Sulpha succi dine is CiaHuNjOfiS.HjO: 

2-(N4-succinylsulphanilamido)thiazole nionohydrnto or 

2-(p-succinylammobcnzcne sulphonamido)thiazole monohydratc. 

Its molecular weight is 373.4 and the structure formula is; 

0 OH 0 H X — CH 

! II I ^ — V Ell' I 

HO — C— CH, — C— N— < >— S— N — C CH 

It is a crystalline white powder without a definite smell and by 
body temperature 70 mg is dissolved in 100 ml water. Contrary 
to the sulphaguanidine, which is used more frequently and of which 
up to 50 % is excreted in the urine (4), it was stated that only 
5 % of the totally administered amount of the sulphasuccidine 
was excreted through the urine (5). It was supposed that the 
sulphasuccidine was hydrolyzed in the intestines and so sulpha- 
thiazole thus formed, handicaped the growth of harmful elements 
of the intestinal flora. The poor resorption was supposed to be 
the cause of the rare occurrence of harmful consequences on ad- 
ministering the drug. Clay and Pickrell however saw a case of 
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crystal formation in the kidneys with haematury (6) and John- 
son mentions a case of acute agranulocytosis (7). Affections of the 
peripheral nervous system by sulphasuccidine are as far as we 
know not mentioned in the literature. 


Report of Case. 


Hislortj. Mrs. C. v. d. S.-P., a married woman, 36 years old, was 
admitted to the hospital on 1946. Already 2 years she suffered from 
diarrhoea of varying intensity. During the period of starvation (1944— 
1945) her stools were mixed with blood and mucous. She had a tem- 
perature and had to stay in bed for two months. Two months before 
admission she began to complain of cramps in the left part of the lower 
abdomen, especially before and after defecation. The appetite was 
good. As far as possible she had tried to live on a diet poor in cellulose. 
The serious scantiness of food during the last year of the war made 
her diet very insufficient in quality and quantity. 

Past Medical History: In 1937 the patient was operated on for a 
retroflexio uteri; in 1942 abdominal adhesions were removed. 

Physical examination: The patient was well developed and nourished. 
The blood pressure was 110/85; pulse, temperature and respiration 
were normal. There was no anaemia, the skin turgor was good. The 
tongue was slightly atrophic. Heart and lungs were essentially normal. 
There w'as no visible peristalsis; the lower abdomen, symmetrically 
swollen, showed a horizontal operation-scar. The uterus was that of a 
5 months pregnancy. The abdomen was diffusely painful on pressure; 
pressure on the lower left quadrant was particularly painful. The 
colon was not palpable, nor the liver, the spleen or the kidneys. Per- 
cussion and auscultation of the abdomen were normal. The patient 
had large external haemorrhoids. 

Laboratory Data: Urinalysis of a catheterised specimen was negative. 
Blood analysis stated 8,250 Ieucoojd;es and 3,620,000 erythrocytes with 
70 % haemoglobine. The sedimentation rate was 27 mm (after 1 hour) 
and the haemogram showed 10 rod cells without further abnormalities. 
The serological reactions of Wassermann, Meinicke and Muller Were 
negative and the ureum level of the blood was 30 mg%. There was 
neither sanguis in the faeces, nor digestive faults or Worm eggs. Ee- 
peated agglutination tests for dysentery Were negative, fractional 
examination of the stomach contents showed a histamine resistent 
achylia gastrica. Spectroscopic examination of the stomach contents 
Was negative. 

Poentgenologic Observation: 8 hours after the oral administration of 
barium the whole of the colon was filled and haustrations were regular. 
On account of the gravidit}’^ there was only a minimum of X-ray scop}' 
and no photographs Were made. 

Therapy: Diet poor in cellulose, pepsin-hydrochloric acid with meals 
and sulphasuccidine per os, 6 grams daily. 
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Course: After t\Vo weeks her defecation ^Yas less frequent. Four times 
a day she produces a mucous, pulpy bowel without blood. The con- 
tent of sulphasuccidine in the blood Was 2.5 mg%. On February the 9th 
the abdomen was less painful on pressure but her defecation showed no 
further improvement. Sulphasuccidine level of the blood was l.e mg /o. 
A total amount of about 150 gram sulphasuccidine Was given and be- 
sides that the next two weeks three times a day 500 mg dermatol. 

On February the 24th there was still no improvement worth men- 
tioning: instead of dermatol, beer-yeast was added three times a da} 
two tea-spoonfuls. 

On March the 9th, four weeks after the stopping of the siilidiasucei- 
dine, the patient complained of violent paracsthe.sias, continual tickling 
and tingling in all extremities. There was fierce pain by pressing the 
peripheral spinal nerves and distinct h^-pacsthesia for all qualities m 
the e.vtremities. The consulting neurologist confirmed the diagno.sis 
polyneuritis and advised intravenous administration of 100 mg 


thiamine twice a week. 

On April the 8th the patient still complained of violent pain in the 
extremities. The tendon reflexes had disappeared, all movements were 
paretic, especially of the legs, the patient Was unable to stand upright. 
The muscles of the extremities were atrophic and showed a degenera- 
tion reaction. There were no disturbances of the sensovium and no 
anomalies of the papillae nervi optici. In view of the gravidity a lumbar 
puncture was not done. 

After the partus a terme on May the 2nd the examination could be 
extended. Rcctoscopic abnormalities were not found. The roentgenologic 
e-xamination Was repeated and a barium-enema was given. The barium 
entered easily, without passing the valvula Bauhini. The haustration 
of the colon ascendens was scanty, afterwards ragged, e.spccially in 
the aboral part. The colon was very long and winding. The X-photo- 
grapLs, made after defecation showed the caudal colon and the .sigmoid 
without haustration and this part did not reveal a sign of mucosa con- 
figuration, giving right to the conclusion that the inflaJiimation of the 
colon was localised in the caudal part. To conijiletc the neurologic 
examination a lumbar puncture was made. The liquor proved to be 
normal. On September the Idtli the patient showed .symptoms of a 
right-sided lung emboly, the origin of which is not quite evident, 
but might be explained as a consequence of the delivery 4 months 
previous. 


Slowly the patient recovered of her polyneuritis. Not before seven 
months after the finst appearance of the polyneuritis the reflexes were 
normal and the muscles reacted normally. The strength increased and 
1 J "Passage the patient could be mobilised on November the 

12th. She Was discharged on November the 22nd, ther strength being 

riT"" superficial disturbances of the sensi- 

bihty. The stools have remained pulpy, without blood or mucous, 
the defecation occurred nearly throe times a day without pain. She 

continued her diet poor in cellulose, pepsinhydrochloric acid and thia- 
mine per os. 
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Polyneuritis in consequence of the use of sulphanilamide prepa- 
rations occurs only once or twice in 1,000 cases, according to 
Frisk, who has made an extensive literary study on this subject (8) 

The sulpha-drugs with a methyl group are in general tbe most 
harmful to the peripheral nervous system. 

The sulphasuccidine is probably less poisonous on account oi 
its poor resorption in the intestines. We assumed that the de- 
scribed patient had a polyneuritis by several factors, hut considered 
the sulphasuccidine as conditio sine qua non of her affection, 
because the other factors had asserted their influence already 
a long time before the sulphasuccidine was given. These predis- 
posing factors are; 

I. The achylia gastrica; it is known that there are disturbances 
of the nervous system analogic to those of the morbus Addison- 
Biermer, without blood changes (9). 

II. The thiamine stock of this patient certainly must have been 
bad. 

a. her nourishing was, as of all the Dutch people, very bad 
during the past war. 

b. the diarrhoea has had a bad influence of the resorption 
of the thiamine. Polyneuritides in the course of chronic 
enterocolitides are described (10). 

c. during the gravidity there is an inereased use of thiamine 
(11). The older literature mentions several cases of poly- 
neuritis gravidarum. 

d. the sulphasuccidine decreases the level of thiamine in the 
blood (12). 

It is unlikely that the patient was hypersensitive for sulpba- 
succidine. Common symptoms of allergy as exanthems, drug fever 
and eosinophilia were never found. 

The latent period between taking the medicine and the first 
appearance of the polyneuritis concurs with that of the poly- 
neuritis in consequence of »Jamaica Gini> and the injury of the 
nervous system by triorthocresylphosphor acid, which it contains. 


Summary. 

Description is given of a woman, aged 36, 5 months pregnant, 
who suffered from colitis during two years. A month after the 
administration of about 150 gram sulphasuccidine, divided over 
26 days, she had a serious polyneuritis. The sulphasuccidine must 
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Acta Medica Scaiidinavica. Yol. CXXXI, fasc. II, 

Institut d’histologie speciale de I’universite de Gand (Bekiaup') 
(Dir.: Prof. De Groodt A.) 


L’eiidarterite obliteraiite et I’endoplilebite en 
cas (Vulcere de restoiiiac. 

Par 

GEORGES De BUSSCHER. 

(Binges, Belgiqne.) 

(Ce travail est parvenu a la redaction le 26 Septembre 1947.) 


Examen macroscopique: 

Si nous injectons une substance contrastante (lipiodol, iodopine, 
n4odipine, encre de Chine blanche, solution g41atineuse an bary- 
um) dans une ou plusieurs des arteres d’un estomac r4sequ4, nous 
remarquons sur le cliche radiographique, que le processus d’end- 
artdrite atteint brusquement I’artere c.a.d. que ties rapidement 
la lumiere des arteres periulcereuses diminue de calibre, s’effiknt, 
formant un filet mince ou subissant un arret complet: c’est I’ex- 
pression radiologique du processus d’endarterite obliteiante 
observe en cas d’ulcere du ventricule. Ce phenomene se rencontre 
aussi loin que s’etend Fanneau periulcereux d’induration; il est 
proportionnel a son intensity et s’arrete brusquement a ses bords 
(il existe meme une vascularisation accrue autour de la zone d in- 
duration periulcereuse et une adaptation du calibre des autres 
arteres gastriques). 

Examen microscopique; revue de la litterature. 

L’endarterite oblitdrante pent avoir comme point de depart 
differentes couches de la paroi arterielle, son mecanisme de pro- 
duction est complexe. 

L’endothele pent etre le point de depart d’une proliferation on 
d’un bourgeonnement prodminant dans la lumiere vasculaire a 
base sessile ou pediculee. (Winniwarter, Masson, Me Kelvey et 
Me Mahon, Lindenberg et Spatz.) 
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II pent se produire une deliiscence de I’endotliele avec cxsuda- 
tion de cellules et de sues qui s’organisent, I’endotliele Ics recou^^:e 
secondairement (Rossle — Bauer, Coronini Obersou). 

Cette formation de bourgeons fibrinoides endartdriels a etc 
decrite de nienie par Wiese et Jsiger. 

L’endotbele reste pourtant le plus souvent typiqnc. 

La couclie sousendotbeliale pent etre le siege d’unc proliferation 
ou d’une production cellulaire conjonctive (Chiari, Jores, Pried- 
lander, Siegmund, Papp) ou inusculairc (Wcstpbaleu, Szas- 
vSebrvarz, Von Pakow et Solima, iMasugi-Ya-Shu), parfois on rap- 
port avec I’advcntice a travers la m6dia (Masugi-Ya-Sbu). Ceci pose 
tout le probleme du passage de cellules conjonctives ou mdsen- 
cliymateuses a travers I’clastiquc interne et a travers la inddia. 

Le role joue par la substance fondainentalc mdsenchymatcuse, 
que Ton retrouve le plus faeilement dans la paroi des arteres de 
calibre nioyen ou petit semblc d’une importance primordinle dans 
I’epaississement de la paroi, dans la formation des couches dlasti- 
ques stratifiees et du tissu conjonctif. Ce tissu mdsenchymateux 
peut acqudrir des propridtds embryonnaires do sortc qu’il de^^ent 
ddcelable, d’une manierc plus on moins parfaitc, par nos mdthodcs 
bistologiques do coloration. 

Le devcloppcmcnt posteinbryonnaire forme de I’intima une 
membrane serfdc on rapport avec I’dlastiquc interne (Westphalcn, 
Jores, Torhorst, Voigts): sa lamellc interne s’dpni.ssit par la forma- 
tion d’unc ligne liomogene qui prdsente pen d’affinitd pour Ics 
colorants de rdlastine; par apres, les lamellos s’dcartent particlle- 
ment ou entiercraent de I’clastiquc interne par la formation 
d’une substance interstitielle; ce processus continue jusqu’a ce 
qu’il se soit formd une rdticulum de fibres dlastiqucs. 

D’apres Hueck, quand I’intima prolifere, il so produit un ac- 
croissement de la substance fondainentalc conionctivc; j^ar im- 
pregnation, il se forme une nouA’elle membrane dlastiquc plus 
centrale, la substance fondainentalc forme une couclie intcr- 
mddiaire spongieuse a travers laquelle les noyaux de la mddia se 
glissent, ils ont un aspect mdsenchymateux. 

Le role joud par la mddia ou le sort de cette couclie n’a dtd 
eonsiddre que par pen d’auteurs cominc d’une importance prim- 
ordiale dans la production do rendartdrite: accroissement 
(Sternberg); atrophie (Papp); necrose (Bredt); destruction de k 
paroi elastico-conjonctive et musculaire de la mddia (Coronini— 
Oberson). 
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Hansbrandt a d4crit les modifications de I’endothele et du 
tissu sousendotiielial (activation embryonnaire des cellules mesen- 
cbymateuses) dans la tuberculose experimentale du cobaye. La 
paroi du vaisseau peut finaleinent devenir hyaline et la lumiere 
s’obliterer. 

Comme facteurs etiologiques de ces modifications de structure 
on a considere que le processus etait d’origine inflammatoire 
d’origine mecanique par variation de la pression sanguine (Beucke 
et Pekelharing) ou par ralentissement de la circulation (Thoma), 
d'origine allergique byperergique (Rintelen). 

Etwh fersonnelle: 

Le materiel se compose de quelques ulceres du bulbe, d’une 
serie d’ulceres du ventricule gastrique, d’un ulcere double du 
pylore et du ventricule, presentant une forte formation de tissu 
conjonctif. 

Fixation formol 10 % ou Bouin; coloration a rbematoxyliue- 
cosine, Weigert-resorcine, trichrome Masson et trioxyhematine 
de fer suivant Hansen. 

A. TJlchre do htdho; avec fou de tissu conjonctif dc neoformation. 

Si on examine les capillaires et les arterioles a partir du fond de 
I’ulcere vers la sereuse, on constate que ces capillaires et ces 
arterioles presenteut le plus souvent une structure normale bien que 
certains d’entre eux apparaissent comme turgescents, c.a.d. que 
les cellules sont atrondies, que le noyau est r'ond et le protoplasme 
clair. Les grandes artdrioles ont une structure normale, certaines 
presentent un endothele normal, mais dont les noyaux ne sont 
pas etires ou allonges; ils sont proeminants dans la lumiere. Bntre 
cet endothele et la media, se trouve une couche intennediaire a 
elements desordonnes et dont les cellules sont entourees dun 
reseau de fibres elastiques; elle presente une fine couche de tissu 
conjonctif collagene. 

Certains vaisseaux montrent en dedans de la media, une rangee 
de cellules rondes, turgescentes a noyaux sphero'ides qui semblent 
proeminer dans la lumiere; elles ont un protoplasme clair et afibril- 
laire, elles ne sont pas entourees de fibres elastiques du cote exteine 
de sorte qu’ elles semblent appartenir a la media. Tons les stades 
intermediaires peuvent etres retrouves comme s’il se faisait un 
encerclement progressif par des fibres elastiques d’une ou de plu- 
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sieiirs couches cellulaires. Ces images ressemhlent ties fortement 
a celles decrites par Merckel. 

Les grandes arteres, situees en profondem-, presentent uu en- 
dothele aplati avec une couche sousjacente de tissu conjonctif 
riche en cellules qui sont entourees par des membranes elastiques. 
Ces cellules ont une direction differente des cellules des couches 
plus externes vis-a-vis desquelles elles semblent perpendiculaires 
on obliques. 

Dans la sousserevse oil Von trouve assez Men ou beaucoup de tissu 
conjonctif de neoformation, les capillaires presentent un endothele 
turgescent. II en est de meme pour les.petites arterioles qui mon- 
trent une fine couche sousendotheliale, les noyaux de la couche 
musculaire sont egalement turgescents. Le tissu conjonctif entre 
les cellules musculaires a encore fortement augments dans les 
grands vaisseaux. Ces cellules musculaires encerclees ont des 
noyaux spheroides, a disposition irreguliere par I’accroissement du 
tissu conjonctif collagene; leur cytoplasme est clair. La coloration 
de Felastine demontre que ces cellules sont entourees de fibres 
elastiques bien que quelques tmes ne presentent de Velastine que 
du cote central. 

Conclusion: en cas d’ulcere du bulbe avec peu de neoformation 
de tissu conjonctif; 

1) les capillaires presentent un endothele turgescent; d’ailleurs 
peu accuse s’il y a peu de tissu conjonctif de neoformation mais 
bien de la gastrite. 

2) les arteres moyennes presentent une couche conjonctive 
sousendotheliale avec des cellules desordonnees, delimitees par de 
Felastine du cote central; d’autres vaisseaux arteriels montrent 
plusieurs couches de cellules et de noyaux desordonn^s entourees 
d’elastine. (Photo 5.) 

3) les grandes arteres presentent une plus forte neoformation 
de tissu conjonctif, une forte formation de couches elastiques 
stratifiees et une transformation progressive centripete des couches 
cellulaires pseudo-proliferantes. 

B. Ulcere du ventricxde. 

1) En dehors de Vulcere, ou Von ne rencontre pas de tissu conjonctif 
de neoformation, les arteres ont un aspect normal. (Photos 1 et 2.) 

Des qu’on se deplace vers la zone periulcereuse macr'oscopique- 
ment caracterisee, au point de vue arteriel, par un retrecissement 
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de la lumiere arterielle apres injection d’une substance con- 
trastante (examen radiologique) et microscopiquement par une 
augmentation du tissu conjonctif dans toutes les couches de la 
paroi gastrique, on constate egalement un accroissement du tissu 
conjonctif collagene et elastique dans la paroi de I’axtere. Cette 
transition apparait brusquement a la limite du bourrelet d’indura- 
tion periulcereuse. 

2) Le fond de V ulcere calleux: 

Nous entendons par )>Fond de l’ulcere» non seulement la notion 
macroscopique c.a.d. le fond du cratere ulcereux visible a I’ceil nu 
mais aussi, notion bistologique, toutes les couches sousjacentes, la 
sereuse comprise. 

Les arterioles 'petites et moyennes: Immediatement en dessous de 
Fexsudat fibrino-leucoc 5 daire, dans le tissu conjonctif de neofor- 
mation, les capillaires et les petites arterioles montrent un endo- 
thele turgescent; les arterioles plus grandes presentent, en dessous 
de I’endotbele, deux couches dont la plus peripherique est circulaite 
a noyaux fusiformes et a protoplasme fibrillaire; la couche, plus 
centrale, presente de gros noyaux dpitheloides ddsordonnes avec 
une distribution inegale de la chromatine et un nucldole; le cyto- 
plasme en est afibrillaire, vacuolaire. Le tissu conjonctif inter- 
cellulaire est minime, il y a peu de reticuline. La couche interne 
montre des fibres elastiques. Dans la soussereuse, on ne retrouve 
que des arteres normales, s’il n’y a pas de tissu conjonctif de 
neoformation; sinon il existe de I’endarterite obliterante (Photo 3). 

C. L’examen du fond d’un ulcere perfore dans le pancreas, mais 
avec seulement un debut de formation de tissu conjonctif dans la sous- 
muqueuse, n’a montre que des arteres normales bien que les cel- 
lules de la media paraissaient un peu rondes et la media un peu 
epaissie. 

D. L’tdcere du canal pylorique et Vulcere du ventricule au niveau 
de I’angle gastrique avec une forte formation de tissu co7ijonctif: nous 
avons sectionne perpendiculairement a la petite courbure de fa 9 on 
a prelever une serie continue de blocs de tissu a enfober afin de 
pouvoir suivre au microscope le processus endarteritique a ses 
differents stades. 

a) d quelques centimetres de Vidcere: on ne trouve pas de modi- 
fications de la paroi de I’artere. 

b) plus pres de Vidcere: les petits vaisseaux de la soussereuse 
montrent, en dessous de I’endothele, deux couches: une couche 


l’bndart]5rite oblit^raxtb bt l’endophl^bite. 16’9 

centrale a noyaux ronds ou spheroides, desordonnes, plus ou moins 
enrobes dans le tissu conjoncfcif; une coucbe plus peripherique de 
cellules musculaifes circulaires a noyaux fusiformes; le tout est 
entoure par Fadventice. 

Les arteres plus grandes presentent plus de tissu conjonctif de 
neoforiuation; une elastique interne n’existe pas mais la coloration 
a la Weigert-resorcine montre un reseau de fibres elastiques dans 
le tissu conjonctif. (Photo 6.) 

11 semble que le tissu conjonctif entre Jes cellules musculaires de 
la media augmente de sorte que les cellules musculaires typiques de 
la media cJiangent -progressivement de direction; leurs noijaux allonges 
prennent une direction de plus en plus oblique et perpendiculaire 
vis-d-vis de I’axe de Vartere, Us s'arrondissent. Les couches cellu- 
laires peripheriques sont netteinent fibrillaires, tandis que les 
cellules enrobees dans le tissu conjonctif neoforme perdent rapide- 
ment lem.' caractere fibrillaire, ils presentent un cytoplasme clair. 
On pent suivre tons les stades de transformation des cellules muscu- 
laires typiques en cellules polymorphes de la couche proUferante 
bien qu’il n'y ait qidune seule couche de transition des cellules de la 
me'dia, Le tissu conjonctif de la media authentique (c.a.d. a mor- 
phologic inchaugee) est en continuite intime avec le tissu conjonctif 
de la couche proUferante. 

La disposition capricieuse des cellules et des noyaux est due a la 
proliferation iuegale du tissu conjonctif intercellulaire. Les fibres 
elastiques forment un reticulum dans le tissu conjonctif proU- 
ferant; ce reticulum est incomplet et certaines cellules apparaissent 
comme uniquement entomrees d’elastine a lem face centrale. 
Dans la mime artere on pent souvent retrouver tons les stades d’en- 
cerclement des cellules de la media par le tissu elastique, processus 
d’ integration dans la soi-disant intima, (Photo 4.) 

Dans les arteres de calibre moyen, la couche proUferante est 
parsemee de fibres elastiques, la couche la plus peripherique etant 
la plus epaisse: elle represente d’elastique interne». (Photo 6.) 

c) d proximite de Vulcere: on observe un accroissement remar- 
quable de tissu conjonctif. Dans les petites arteres de toutes les 
couches (sous-muqueuse, musculaire et sous-sereuse) il apparait 
une forte neoformation de tissu conjonctif intercellulaire dans la 
media, de sorte que certaines cellules de la media semblent in- 
crustees. 

Les arterioles presentent un accroissement progressif de la sub- 
stance intercellulaire conjonctive collagene d’autant plus pronon- 
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cee qu’on s’eloigne de la lumiere, quelques couches de cellules de 
la media sont englobees, elles perdent progressivement leurs 
caracteristiques de »cellules de la media» pour acquerir celles de 
»cellules de I’intima)). II persiste une elastique interne tandis que 
les couches peripheriques ne pr4sentent que de fines lamelles 
fragmentdes. II est impossible que ces debris d’elastine pument 
representer V elastique originale mais I’dlastine apparaii progressive- 
ment dans les couches do plus en plus excentriques: la media est en 
quelque sorte, envaliie et transformee. (Photos 7 et 8.) 

Les grosses arteres montrent un fort accroissement de tissu con- 
jonctif; dans la partie centrale, le tissu conjonctif predomine, 
refoulant les cellules qui doivent adopter une disposition irregu- 
liere. Une couche moyenne presente souvent des cellules a noyaux 
allonges et a direction circulaire, rappelant la disposition de la 
media, une troisieme couche plus peripherique contient moins de 
tissu conjonctif mais des noyaux desordonnes; le tout est delimite 
par une elastique interne. La m6dia, a structure typique, est mince; 
elle presente du tissu conjonctif intercellulaire moderement accru 
et en rapport intime avec le tissu conjonctif des autres couches. 
(Photo 11.) 

d) au niveau de Vulcere: la proliferation du tissu conjonctif dans 
toutes les couches est tres prononcee. 

Les petites arteres, situees dans la profondeur du fond de I’ulcere 
au milieu de I’enorme formation de tissu conjonctif, out un endo- 
thele indemne, plusieurs assises cellulaires de la media gardent leur 
structure typique. Plus on se rapproche de la peripheric de I’arte- 
riole, plus on constate du tissu conjonctif collagene bien qu’il 
se trouve plus de substance fondamentale entre les cellules que la 
coloration au trichrome Masson n’en indique. II y a pen de fibres 
elastiques entre les couches cellulaires internes tandis que les cou- 
ches peripheriques, d’autant plus qu'on se rapproche de la periphe- 
ric, presentent de fortes lamelles elastiques de fa§on a ce que toute 
la media est garnie, dans ces )>espaces» intercellulaires de fortes 
fibres elastiques; Padventice seule se trouve en dehors de la couche 
d’elastine la plus excentrique. 

II apparait ainsi que, meme quand la mSdia a garde une struc- 
ture typique, qu’il y a un accroissement prononce d’elastine et de 
tissu conjonctif collagene entre les couches de la media et cela 
d’autant plus qu’on se rapproche des couches peripheriques de 
1’ arteriole. Les vaisseaux arteriels ne gardent pas toujours au meme 
degrd et au meme endroit cette faculte de formation des tissus 




De Bussciier (Bruges): L’endarterite obliternntc ct I’endophlebitc. 






De Bussciieh (Bruges): L’cndnrterUe oblitcrnulc ct I’ciuloplilcbitc 




Photo 7. Phoio S. 

Aitere sitiiee dans nne forte conclic de tissn conjonctif de neoformation inter- 
musculaire d’nn estomcc nicerens presentant tine ires forte augmentation de tissa 
conjoDctif dans tontes ses conthes. 

Fort degre d’endartcritc obliteraiite (coloration trichromo Masson). La photo 8 
represente la menie nrtere, ajires coloration a la IVeigcrt-resoicine. Conches inal- 
liples do membranes elastiqnes dont la ])his forte est la plus esternc. A certains 
endroits, la media a disparu on prescino; processus centrifuge. Remarquez I’aspcct 
arrondi dos cellules sinlcgreesn de la media. Les eoncltes les plus internes no 
presentent plus rd'impri'gnation clastiqao. (Agrandissement different pour les deux 
photos.) 




Plioto 9. Photo 10. . 

La memo artfire, coloration trichrome Hasson (photo 9) et 'WeiKert-resorcino (photo 10). Endar- 
terite obliterante. La partie ccntrale ne niontre pins dc membranes dlastiqnes, la partie peri- 
pheriqiie montre de I’elastino en conches d’autant plus epaisses qu’on se rapproche de la 

peripheric. 

Stade pins dvolue qne les fig. 7 et 8. 



Photo 11. 

Transformation des cellules de la 
media dont Ic caracterc fibrillaire 
du protoplasme disparait. Zone 
Claire i)6riimcleairc. Augmenta- 
tion du tissu conjonctif ontre les 
cellules musculnircs. Arrondisse- 
ment des noyanx an fur et a 
mesure qu’on so rapproche dc la 
Inmidre. Remarqiiez les transfor- 
mations en A.ll. 0. 


De Bussciier (Bruges): L’endarterite obliterante 


et I’endophlebite. 




Photo 12. Photo 13. • 

Photo 12. Jli'nie artoro quo la photo 13 a nn faihle grossisnient. Uniquement la conche 
»intimale> preseiite do rehastine taiidis qne les conches do la media sont bicn consenm 
Photo 13. Grande artore. La media est bien conservec et tr.anche iieltenient avec rintim 
qni presento plnsienrs conches ponssant rendotholimn vers la Inniiere. 



Photo 14. 

Endoplilcbite. Couronno do tissn conjonctif sons-endothelial on connexion etroite 

avec ie tissu conjonctif de la media et de I'adventice. Quelqiies cellnles ninscu- 
laires out garde ienrs caracteres propres, d’antres les ont perdn partiellement, 
ayant deja suhi la transformation conjonctive. 
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collagene et elastique. Le collagene et Telastine — que nous ne 
savons reperer que par des m^tliodcs de coloration, et au nioincnt 
propice c.a.d. au moment oii la substance fondamentale acquiert 
les proprietes pbysico-cbimiques necessaires a sa mise en evidence 
— apparaissent en dessous de I’endotbele puis progressivement 
dans les couches plus peripheriques du vaisspau alors que les cou- 
ches centrales perdent pendant ce temps le ineme caractere tout 
en constituant du tissu a predominance cellulairc; la lumiere sc 
retrecit. Dans un stade avance, Tartefc montre une lumiere 
reduite entouree de plusieurs couches de cellules de »l’intinia'> 
qui dans leiifs espaces intercellulaires ne prdsentent pas de tissu 
collagene ou elastique ddcelable par nos methodes do coloration 
alors que les couches peripheriques de la media montrent encore 
nettement une formation accusee dc tissu conjonctif. 

, On a Vimfression que Vexcitant (hi iissn conjonctif qircnd son 
origine dans la lumiere arteriellc et se deplacc vers la fdrijiJieric du 
vaisseau 'pour s’dteindre finalcmeni et nc laisscr suhsisier qu’unc 
mince couche de la media. (Photos 9 et 10.) 

Les grandes arteres. 

Les memos processus se retrouvent dans les grandes arteres bien 
qu’ii soit beaucoup plus difficile de les mettre en 6\ndence et de 
sui^Te revolution, I’elastique interne semblant constitucr une 
ligne infranchissable entre I’intima proliferantc et la m6dia. 

La difference essentielle reside dans le fait que la formation dc 
collagene et d’elastinc se limitc aux couches les plus centrales de 
la media tandis que plusieurs couches participent en ineme temps 
au processus, en cas d’endarterite obliterante des vaisseaux de 
calibre moyen ou petit. 

Si 1 endartdrite est prononcee, il cxistc un anneau riche on tissu 
conjonctif et en cellules. Plus le processus a evolue, plus le tissu 
conjonctif regresse et plus les eldments cellulaires, predominent. 

Aux stades initiaux, tout le pourtour de la lumiere n’est pas 
egalement entrepris par le processus. A certains endroits, I’endo- 
thele est aplati presentant un aspect absolument normal et re- 
couvrant I’dlastique interne, I’intiina 6tant difficilement visible. 
Le tissu conjonctif et elastique a legereinent augmentd entre les 
couches de la m6dia. A d’autres endroits du vaisseau les cellules 
endotheliales semblent gonflees presentant dcs noyaux ronds a 
situation basale; le cytophsme est clair. Le tissu conjonctif inter- 
cellulaire, en rapport intime avec le tissu conjonctif dc la ni6dia 
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a travels les raailles de I’elastique interne, s’est fortement accru 
entourant les cellules de toute part. Dans un stade plus avance' 
on pent remarquer comment la couclie la plus centrale de la media 
est delimitee du cote externe par une couclie de tissu conjonctif 
collagene et elastique. On pent remarquer qu’a certains endioits 
se detaclie de I’elastique Finterne un faisceau de tissu elastique 
englobant un seule assise cellulaire de la media, les cellules gardant 
partiellement leur's caracteres de cellules de la media. (Photos 
12—13.) 

Hueck pense que I’elastique interne forme de nouvelles lamelles 
elastiques vers la lumiere du vaisseau. Mais pourquoi ces lamelles 
elastiques encerclent-elles exactement une couclie cellulairel 
D’oii viennent ces cellules? Certainement pas de I’endothele qui 
presente un aspect normal. Le passage de cellules de la media a 
travers les fenetres de I’elastique interne n’a pas pu etre observe. 
Tout comme dans les petites arteres, la coucbe elastique la plus 
externe est la plus epaisse, elle est consideree comme I’elastique 
interne. En realitd elle constitue la coucbe la plus jeune. Tout 
comme dans les arteres de calibre moyen et petit, le processus de 
neoformation de tissu conjonctif se fait excentriquement d’une 
fagon progressive de sorte que la reaction est eteinte dans les 
couches centrales quand elles est encore fort accusee dans les 
couches peripheriques, la couche externe etant en pleine activite. 

Dans les sinuosites des couches externes de I’elastique interne, 
les noyaux de la media se transforment: les noyaux fusiformes 
allonges prennent ci et la I’aspect d’un S dans lequel on pent 
observer trois parties. Les deux extremites et la partie mediane 
de ce S ne sont pas situees dans le meme plan, A un stade plus 
avance, le S se divise effectivement en trois tronfons qui s’arton- 
dissent et deviennent moins riches en chromatine. Ils ressemblent 
fortement aux noyaux de al’intima proliferantm). D’autre part, 
plusieurs noyaux de al’intima proliferante» ont encore garde 
I’aspect de ceux des cellules de la media; d’autres sont ellipsoides, 
de sorte qu’on pent rencontrer tons les stades interniediaires 
ftd’integration des cellules de la media dans I’intiina proliferantei). 
Ces transformations des noyaux en constituent le premier stade. 

Inter f relation: 

Si Ton examine les tranches successives obtenues par section 
perpendiculaire a la petite courbure apres etalement du petit 
epiploon, on rencontre sur les coupes; 
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1) I’arfcere coronaire; 

2) les brandies pariefcales de inoindre calibre, 

3) les branches marginales, 

4) les multiples ramifications dcs trois precMentes. 

On pent constater que; 

a) on rencontre dans le voisinage immediat de 1 ulcere, la for- 
mation la plus accusee de tissu conjonctif qui va eii diraiuuaiit 
au fur et a mesure qu’ou s’eloigne de I'ulcere. 

b) le degre de formation de tissu conjonctif est proportionncl au 
degre d’endarterite obliterante c.a.d. que I’endarterite est cVautant 
plus prononcee que le tissu conjonctif a auginente. 

c) ce parallelisme n’est pas absolu: tons les vaisseaux nc sont 
pas atteints d’endarterite au meme degre de sorte qu'ou pent 
rencontrer sur une seule coupe divers stades du processus, indepen- 
damment du calibre du vaisseau. Ldiypertrophie de )>rintiina)> est 
alors surtoiit inanifeste sur les grandes arteres; les vaisseaux de 
calibre moindre ou inoyen et dont la paroi n’est constituec quo par 
quelques couches ne subissent qu’une hypertrophic relative tandis 
que les petites arteres ne raontrent que de la turgescence d’une 
seule ou de plusieurs couches sousendotbelialos. Cette hypertrophic 
de I’intima pent ne se raanifester que sur une ctenduc iimitec et 
ne former qu’un bourgeon a I’interieiu' de la lumiere. Les grosses 
arteres montrent une delimitation nette entre »rintima hyper- 
trophique)) et la media constituec par une ligne onduldc: Telastique 
interne. Le tissu conjonctif dcs deux couches communique par les 
fenetres de I’elastique interne. Nous n’avons pas pu retfouver des 
cellules ou des noyaux qui seraient des elements de transition entre 
les deux couches (Hueck). 

Les petits vaisseaux peuvent etre atteint d’un degre tres pro- 
nonce d’endarterite. 

C’est par I’etude des arteres de calibre moyen, oii I’elastique 
interne est moins nettement visible, que la transition de la media 
a »l’intima» pent etre suivie le mieux, tant en dehors qu’au niveau 
du fond de I’ulcere meme. 

d) le tissu conjonctif de neoformation est fort deveIopp6 dans la 
soussereuse, moins fort dans les couches musculaircs, un pen moins 
dans la sousmuqueuse; meme la muqueusc jn'esente du tissu 
conjonctif en quantite accrue, tout au moins si I’estomac prdsente 
dans son ensemble un fort accroissement du tissu conjonctif {cu 
cas d’ulcere du ventricule). 

e) la partie sousendotheliale hypertrophique ne prdsente pas le 
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jneme aspect anatoraique clans les vaisseaux de meme calibre 
c.h.d. que certaines arteres inonfcrent un fort developpement de 
tissu conjonctif collagene tanclis quo cVantres en montrent fort 
peu, le tout suivant le degrd d’evolution de I’endarterite obEe- 
rante. 

f) Si on examine des coupes de fragments preleves a distance de 
Tulcere mais on il y a encore un faible accroissement de tissu 
conjonctif, done encore situes dans la zone d’induration periulce- 
reuse, on constate que les vaisseaux arteriels de calibre moyen 
presentent, en dessous de I’endotbele, qui a un aspect normal, 
une on plusieurs couebes de cellules epitlidloi'des aux noyaux ronds. 
On peut y trouver toutes les formes de transition entre les cellules 
musculaires fibrillaircs ct les nouvelles formations dont les noyaux 
cle la media sont parfois reniformes, spheroides on ronds. 

Qiiand nous Jaissons defilcr devani notre esprit toutes les images 
dcs coupes successives dhmc settle arlcre on do toutes les arteres des 
endroits eloignds de Vulcere jttsqu’au niveau de Vulelre, il nous 
parait qidon peut se represenier le processus de Vendarierile progres- 
sive de la jagon suivanie: le premier stadc est constitud par la Uir- 
gesccnce d’tnie ou de plusieurs assises ccllulaires en dessous de Ven- 
dotJiele; cos cellules acquicrcnl un aspect dpiihdlotdc, Ceci se ren- 
contre dans les petites arteres. Cet cndotbele peut presenter au 
debut un aspect normal mais quand le processus progresse, ses 
noyaux peuvent clovenir turgescents. 

Eti hartnonie avee V accroissement gdndral de tissu conjonctif on 
voii apparaiirc, progressivemeni cl en quantitd variable suivant le 
calibre du vaisscaii, du tissu conjonctif collagene ct dhstique entre 
les assises ccllulaires dont il est question tandis que les cellules muscu- 
laires Ujpiqucs de la media se transforment progressivemeni. Cette 
impregnation par Velastinc et la formation de tissu collagene nest 
pas complete c.d.d. que certaines cellules musculaires transformecs 
qui prennent un aspect epitMloide ne sont entourees que tres incoin- 
pletement par du tissu conjonctif. 

Il parait improbable que ces cellules pourraient etre d’origine 
endotheliale puisque nous n’avons pas pu retrouver de formes de 
transition. 

Suivant Hneck, il persiste de la substance fondamentale inEi- 
ferente mdsenebymateuse dans la paroi arterielle, elle ne se laisse 
pas impregner par les metbodes de coloration babituelles mais son 
role ne peut pas etre sousestimfi. En cas d’endarterite, cette sub- 
stance mesenebymateuse interceliulaire acquiert a nouveau sa 
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propriety embryonnaire de former du tissu collagene et elastique 
non seulement dans Fartere mais dans toute la paroi gastrique. 
La demonstration en est fonrnie par le grand espace •— difLcile a 
colorer — entre les cellules musculaires de la media qni participant 
deja an processus on qui sont sur le point d’y parti ciper. Le colla- 
gene et Felastine apparaissent comme enrobes dans cette substance 
fondamentale. G'est VvJcere qui consiilue Ic jactcur causal du reveil 
de cetie fropriete embryonnaire du tissu fondamental inter cellulaire 
mesencliymateux. 

L’accroissement irregiilier du tissu conjonctif intercellulaire fait 
comprendre la disposition desordonnee des cellules epitbeloides. 

Si on examine la disposition des fibres elostiques, on remarque 

q'le- . . , , 

1) en cas d’endarterite obliterante on trouvc dans les arteres do 
calibre moyen on petit des formations elastiques fragmcntaires 
aussi fortement impregnees que Felastique interne avec laqiielle 
elles sont en connexion intime mais situecs dans les couches plus 
excentriques. 

2) partant de Felastique interne, on voit de fortes fibres elasti- 
ques s’insinuer entre les cellules de la premiere raugee cellulaire 
de la media et les entourer sur leru's faces laterales et centrales. 

3) Dans certaiues arteres, en dehors de Felastique interne, on 
trouve de grosses lamelles elastiques; elles sont en rapport avec 
les lamelles sousjacentes; elles sont separces Fune de Fautre exacte- 
ment par une couche cellulaire, mais elles sont plus excentriques. 

Conclusion: L’endarterite obliterante trouve son originc dans 
un regain de la propriete embryonnaire de la substance fonda- 
mentale intercellulaire mesenchymateusc de la media qui consiste 
a former du tissu conjonctif collagene et elastique, englobant des 
cellules de la media dans ))Fintima proliferante)). Ce processus d’in- 
tegration dans ftl’intima') des cellules do la media a un debut cen- 
tral, il progresse excentriquement, pouvant s’arretor a un moment 
determine ou pouvant passer par toutos les couches dc la media 
de telle sorte que cette faculty d’impregnation du tissu collagene 
et elastique a cesse dans les couches centrales au moment ou les 
couches externes sont en pleino activite. Les arteres de calibre 
moyen se pretent le mieux a cette etude. 

Considerations: 

Si nous examinons les donn^es de la litterature, nous devons 
conclure qu’il n’existe pas toujours une meme modalite de reaction 



176 


GEORGES DE BOBSCIIER. 


de la paroi artdrielle vis-a-vis d’une excitation donnee. En effect 
on ne constate parfois que des r4actions de I’endothae ou des 
conclies sousendotlidliales, mais parfois aussi de toute la naroi 
arterielle. 

Le facteiu- etiologique est inconnn; on a incriraine des causes 
mecaniques, cliimiqiies, toxiques, allergiques. 

En ce qui concerne I’endartdrite obliterante des arteres gastri- 
ques, en cas d’ulcere gastrique, il faut considerer Tulcere comme 
le facteur dtiologique (nous ignorons la nature de cette excitation). 
Nous en trouvons la preuve dans le fait que I’endarterite oblite- 
rante des arteres gastriques s’etend exactcraent aussi loin que le 
bourrelet d’induration periulcereuse; ceci decoule de rexamen 
d’estoinacs reseques et injectes dans les arteres par de la substance 
contrastante au E. X. ainsi que de Fexamen microscopique. 
D’autre part Fintensite de Fendarterite obliterante est proportion- 
nelle a ceile de la gastrite concomitante de Fulcere; or, cette 
gastrite concomitante depend, quant a sa localisation et son 
intensite, directeinent de la localisation de Fulcere. 

Sous Finfluenco de cette excitation inconnue, partant de Fulcere, 
les cellules de la media retrocedent en differentiation et redevien- 
nent des fibroblastes. Rozinek a decrit les etapes successives de la 
transformation de fibroblastes de Fadventice en cellules typiques 
de la media. De meme Arnold, V. Mollendorf, Eenaut et Dubreuil, 
Benningbof et Stieve acceptent comme possible la transformation 
de cellules conjonctivcs en cellules musculaires. 

V enclarterito obliterante est nn ’proccssns de regression avec aug- 
mentation considerable dn iissu conjonctif collagene, elastigiie et 
de la substance fondamentale intercclhdairc amorplte. 

II est cependant possible que Fhyperplasie de »>Fintima» ne se 
manifeste que sur une partie du pourtour de la lumiere arterielle 
et domre lieu a la formation d’un bourgeon conjonctif qui pent 
etre en rapport, a travers la media, avec le tissu conjonctif de 
Fadventice. 

L’endoplilebite. 

Watzka a ddcrit certaines formations de barrage sSperrvorricli- 
tungem) provoquant un retrecissement de la lumibre des vaisseaux 
et qui seraient capables de jouer un role regulateur de la circula- 
tion. 

Ces formations se rencontrent rarement et il nous semble qu elks 
sont incapables d’influencer serieusement le debit du vaisseau. 
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Elies sont d’ailleurs peu dtendues. Nous les avons observ6, bien 
que tres exceptionnellement, sur des veines qu’il faut considerer 
comnie uoimales a tout autre point de we. 

Bn cas d’endophlebite au cours de Fulcere de Festomac, nous 
avons observe deux inodalites. La premiere consiste dans la for 
mation d’un bourgeon sessile de tissu conjonctif reconvert d’un 
endotbeliuin. Get endotbeliuin presente un aspect normal. Le 
bourgeon est forme de tissu conjonctif collagene pourvu de noyaux 
polymorphes, irr4guliereinent disposes. Ces bourgeons conjonctifs 
sont en connexion intime avec le tissu conjonctif autour du vais- 
seau et ce au moyen de ponts conjonctifs traversant la media; 
ces noyaux sont tres distincts et a direction perpendiculaire a 
ceux de la couche musculaire. 

D’autres formations bourgeonnantcs conjonctivcs sont en con- 
nexion tres etroite avec le tissu conjonctif de la media de la veine. 
Par ci, par la, dans ces bourgeons conjonctifs, on rencontre quel- 
ques cellules inusculaires lisses. 

Une autre modality de Fendopblebite consiste en unc prolifera- 
tion uniforme et massive de tissu collagene tout autour de la lu- 
miere de la veine, recouverte par un cndotbdlium normal, Cette 
formation conjonctive part distinctement du tissu conjonctif de 
la couche musculaire de la veine. Elle presente quelques cellules 
musculaires lisses dispersees sans ordre. (Photo 14.) 

L’endophlebite n’est nullemcnt aussi accusee en cas d’ulcere de 
Festomac, que Fendarterite. 

II semble que le processus qui sc imoduit dans la paroi de la 
veine soit identique a celui que nous avons ddcrit dans la jiaroi 
de Fart ere. 

Alors que le processus d’endarterite oblitdrante va jusqu’a 
Focclusion complete de Fartere, le processus d’endophlebitc ne 
constitue jamais une aussi forte diminution du calibre de la veine. 

L endophlebite demontre d’une fa^on plus ddmonstrative quo 
dans 1 artere, que toutes les couches participent on peuvent parti- 
ciper au processus. Id encore nous remarquons la difference entre 
la structure de 1 artere et celle de la veine. Cette derniere prdsente, 
normalement un enchevetrement de tissu conjonctif et do fibres 
musculaires, le tout couvert, a Finterieuf, d’un endothelium. Le 
facteur determinant et encore ignore de Fendoplildbite semble 
frapper circulairement autour de lui, a point de depart central. 
Le resultat en est que nous pouvons observer dans cette veine, 
a un stade donne, une couronne de tissu conjonctif, pour preciser 
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davantcage, disons plutot qu’elle acquiert les proprietes fmctork- 
les du tissu conjonctif collagene, en rapport etroit avec le tissu 
conjonctif de la media et de radventice. Mais ce qui est plus ia- 
teressant encore, c’est que nous pouvons observer que certaines 
cellules musculaires sont parfcielleinent transformees en cellules 
conjonctives. Particllement c.a.d. que certaines cellules musculaires 
out perdu leur caractere fibrillaife; Icurs noyaux, des oblongs 
originairement, sont devenus ronds ou spberiques, avec tous les 
stades intermfidiaires. Do plus, il est des cellules musculaires qui 
sont divisees nettement en deux parties bien distinctes, correspon- 
dajrt an cercle de transformation conjonctive c.a.d. que la partie 
de la cellule musculaire situee en dedans de cc cercle a subi la 
transformation conjonctive alors que la portion situee en debors 
du cercle a garde toutes les proprietes et caracteristiques de la 
cellule musculaire. 

Ces cellules de transformation et de transition se rencontrent 
surtout a la ligne de separation do la media conservee et de d’in- 
tima prolifcrantet). Ceci aneantit I’interprctation de Tboma qui 
attribue une origine endotbeliale a ces cellules transformees. 
D’ailleurs rendotlielium, cn tons points normal, recouvre la couclie 
neoformative. 

La transformation progressive des noyaux cellulaires de la 
couebe proliferante vers le centre demontre que le processus est 
centrifuge (diminution progressive de la ebromatine, perte pro- 
gressive du caractere rebiculaire du noyau, a mesure qu’on se 
rapproebe de la lumiere du vaisscau). 

Summary. 

A distinction must be made between the small arterioles, the 
middle-sized arteries and the big arteries. 

The first ones present some degree of turgescency of tbeif cells. 
The middle-sized arterioles acquire an embryonic propriety in their 
collagen and elastic connective tissue; the fundamental intercellular 
substance becomes active and productive; it gets more easely 
impregnated of coloring substances used in histology, it proliferes 
while the muscular cells of tbe media transform themselves into 
a sort of connective cells which are badly delimited; tbeir nuclei 
are round, ovoid or polymorph. This connective transformation 
is a centrifugal one. The comjiletc closure of the lumen of the 
artery is tbe final result. 
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111 the big arteries the obliterating process is essentially marked 
by a proliferation of the connective tissue under the endothelium 
and in the media. The elastica interna, however, forms a barrier 
that limits more effectively the different layers of the artery. 

The vene has the same characteristics as the artery when it 
makes a process of endophlcbitis; however, this process occurs less 
frequently. One may observe the progressive transformation of the 
muscular cells into connective ones. There is a parallel prolifera- 
tion of the connective tissue. 
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Tlie Thymol Reaction as a Liver Test.' 
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Introduction. 

While working on the serum colloidal gold reaction in 1944, 
Maclagan (1) observed that thymol produced a turbidity, and 
sometimes precipitation, with serum from patients with paren- 
chymatous liver lesions. The reaction was noted in 120 out of 
130 cases of acute hepatitis, in 13 cases of liver cirrhosis, but in 
38 cases of obstructive jaundice there were only three reactions, 
and these slightly positive. Maclagan believed that the reaction 
would play an important role in the differential diagnosis of 
jaundice, and that it would be useful as an indicator of the degree 
of liver damage. If the test satisfies these two desiderata, it must 
be said to fulfil the two most important requirements of a liver 
test. 

In order to ascertain the cause of the turbidity, Maclagan (2) 
analyzed the sediment and found that a protein-thymol-phosphor- 
lipoid complex was involved, and that the deciding factor must 
have something to do with the plasma globulin fraction. 

Subsequent investigations by Becant, Chargaff and Hanger (3) 
and at the Central Laboratory at Upsala (4) verified Maclagan s 
supposition; but the question of the actual nature of this special 
property of the globulin fraction has not yet been settled. Nev- 
ertheless, on the background of recent experiments with elec- 
trophoresis Cohen & Thompson (5) consider that a positive thy- 

' Amended form of paper delivered on Febr. 28th 1947 before the 250th meeting 
of the Danish Society of Internal Medicine. 
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mol reaction must be due to abnormalities associated with the 
/5-globulins. 

In order to measure the degree of turbidity in positive tests 
Maclagan made use of a comparator with gelatin standards such 
as those employed for the quantitative determination of the 
protein content in urine (6, 7). 

In 1946 this method of measuring was modified by Shank & 
Hoagland (8), who found the preparation of the gelatin standards 
difficult. Their method was to read the degree of turbidity in 
the spectrophotometer, using suspensions of barium sulphate 
as standards. The standards were obtained by adding varying 
quantities of 0.2-n sulphuric acid to varying quantities of a barium 
sulphate suspension (3 ml 1-n barium chloride diluted to 100 ml 
with 0.2-n sulphuric acid at 10°). These standards provide degrees 
of turbidity which are almost equivalent to the gelatin standards 
employed by Maclagan. 

"With the object of further standardizing the method quan- 
titatively, Ley, Lewis & Davidson (10) next introduced photo- 
electric readings. Their »thymol number» is the number of ml. 
of the barium sulphate suspension required to give the standard 
the same degree of turbidity as the serum-thymol mixture con- 
cerned. 

The thymol test has now been adopted extensively for clinical 
use in England, the United States and Scandinavia. Most of the 
larger publications so far are concerned with a comparison of 
the thymol reaction and Hanger’s liver function test (cephalin- 
cholesterol flocculation) (3, 4, 9). According to these investigations, 
the thymol test seems to be less sensitive to parenchymal lesion, 
whereas it is more suitable as an aid to differential diagnosis 
between parenchymatous and obstructive jaundice. Further- 
more, there seems to be a difference in the chemistry of the two 
reactions. 


^Technique. 

The thymol test is performed quickly and easily. The thymol 
buffer (pH 7.8) is prepared in this way: 

500 ml distilled water 
1.03 g sodium barbitone 
1.38 g barbitone 
3 g pulverized thymol. 
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Heat the solution to boiling point, then shake vigorously and 
cool; it then becomes turbid. Add further a knife-point of thymol 
shake well, then let it stand till next day at room temperature. 
Shake the solution again and filter. The clear solution is best 
stored in a cool place, as otherwise it soon becomes turbid aoain 
i. e. in about Id days. 

Mix 0.05 ml serum with 3 ml thymol buffer and leave the 
mixture for half an hour at room temperature. 

It having proved impossible for me to prepare Maclagan’s 
gelatin standards according to the directions (6, 7), my readings 
were not taken according to hfaclagan’s method, but by means 
of the Pulfrich photometer after directions from Lehmann in 
Sweden. Filter S. 72 and 1 ml cuvettes are used. The reading is 
made against distilled water, which gives the value of 0. The 
thymol value is given direct as the extinction number. By this 
means we seem to have obtained an exact standardization of the 
method, quantitatively, the photometer values being practically 
constant. 


Otrn Investigations. 

The principal sources of error in the thymol test are: 1) consider- 
able hemolysis, 2) lipemia, 3) bacterial grorrth. 

Lipemia is best avoided by taking serum from fasting patients; 
however, a test of 14 healthy people and liver patients showed 
that a cup of tea and a rusk do not alter the thymol value a 
fact which agrees with earlier investigations into the alimentary 
increase of blood fat (Bing & Heckscher, Blix) (11, 12). 

Thymol Values. 

After testing 40 healthy young men and women the mean value 
was found to be 0.07 ± 6.02. In consequence of this it seems 
practical to divide the thymol values into three groups: 

1) Normal thymol values; 0.07 ± 3 x 0.02 — 0 0.13. 

2) Doubtfully positive: 0.13 — 0.07 ± 4 X 0.02 =0.13 0.15. 

3) Positive: >0.15. 

The highest thymol values observed in cases of liver damage 
were about 1.5. 
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Thymol Test in Various Gases of Jaundice. 

The thymol test was made on 107 jaundice patients^ on an 
average once a week while the disease lasted. Of these 107 patients: 

55 had acute hepatitis 

27 had suhchronic or chronic hepatitis 
5 had metastatic cancer of the liver 

20 had obstructive jaundice. 

A case was regarded as one of acute hepatitis when the patient 
recovered and the total course, as far as could be ascertained, 
had not extended over three months and when subsequent exa- 
mination revealed no permanent liver lesion, hlore protracted 
cases, and those with a subsequently demonstrable liver lesion 
were classified as subchronic or chronic hepatitis. The latter group 
includes all cases terminating fatally, even when this termination 
came within three months of the onset of the disease, because 
histological examination of the liver tissue disclosed changes 
otherwise observed onl)’" in chronic cases. 

The thjnnol reaction was positive in 50 out of the 55 cases of 
acute hepatitis, i. e. in 91 %, and in most of these cases rej)eat- 
edly. All the 27 patients with chronic hepatitis had a positive 
thymol reaction. Of the five patients with inctastatic cancer of 
the liver, three gave a positive, two a negative reaction. In the 
examination of the 20 cases of obstructive jaundice, all verified 
by operation or post-mortem, the thymol test was positive only 
in two instances, in both of these, however, the reaction ivas 
w'eakly positive. The first of these patients who only once pre- 
sented positive thymol reaction (0.19), had cholelithiasis which 
may have caused an obstruction. The other patient died and the 
post-mortem revealed cholelithiasis, cholangitis and incipient 
formation of abscess in the liver; in the only test made in this case 
the value was found to be 0.22. 

Fig. 1 provides a collective survey of the values found. 


Quantitative Relationsliif between Thymol Test and Icterus Index. 

On examining simultaneously the thymol values and the icterus 
index in cases of acute hepatitis and comparing these finds in 
the differen t cases (Fig. 2) it seems difficult to ascertain any 
> Patients in the medical and surgical departments of the Kommunehospitnl. 
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Fig. 1. All e.'camincd cases grouped according to the maximum thymol values 
(Th) found (the height of the columns indicates the number of cases). 


direct quantitative correlation, as very high icterus index can 
be found together with low thymol values, whereas low icterus 
index can be found simultaneously with high thymol values. (Fig. 2.) 

In most cases of acute hepatitis, however, the inaxinunu 
icterus index and the maximum thymol value coincided in time. 

In cases of chronic hepatitis the icterus index may fluctuate 
and at times reach quite normal levels, whereas the thymol 
values remain distinctly high all the time, but as a rule the thymol 
value is highest in the icteric periods. 



O 0.2 0 .^ 0.6 0.8 f.O Th . 


Fig. 2. Tho relation between the liiglicst icterus index fIT.) found for every 
patient and tlie thymol value (Th.) found simultaneously in 65 cases of hepatitis 

acuta. 

Thymol Test in the Preicleric Stayc. 

^It is of great interest to see ■vviiether tiie tliyniol teat becomes 
positive before, at tlie same time or later than the icterus index. 
Unfortunately, I can present only one instance where the thymol 
test was made before icterus appeared. It was made two days 
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before icterus was observed, and tbe reaction Avas slightly positive 
(0.16). In another instance the test was made on the day when 
icterus Avas observed. It Avas then posith'e (0.20) (icterus index 
II = 12). 

Twenty-five cases of acute hepatitis Avere tested A\-ithin the first 
eight days after the appearance of the jaundice. Of these, 21 had 
an increased thymol Amlue, one Avas increased only after three 
AA’eeks, and three remained negative throughout the entire duration 
of the attack. Thus it may be said that in the great majority of 
cases of acute hepatitis the thymol test is positive AA'ithin the first 
eight days of jaundice appearing. 

Thymol Value as a Test oj (he Course oj the Disease. 

If cases of acute or chronic hepatitis are folloAved by means of 
thymol tests about once a AA’eck, it is possible to obtain a certain 
impression of the course of the disease from the curve, usually 
quite a steady one, that can be plotted (fig. 3). 



Fig. 3. Spocimen thymol ciirvD during the course of a typical attack of aciifc 
hepatitis (A) and chronic hepatitis (B), showing the icterus index found 

simultaneously. 

= tliymol value (Th.). 

— — — — — — — = plasma colour A-aluo (PI.). 


In 23 out of 33 cases of acute hejratitis the thymol reaction Avas 
still positive after the icterus index had fallen to normal. At this 
juncture the Takata-Ara test, AA'hich had been positiA'^e at one 
time or another in 23 out of the 55 cases of acute hepatitis, had 
become negative in all cases but one. 
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Fig. 4, Thymol value curve plotted from the after-examination of 12 patients 
discharged vith a raised thymol value. Five curves are singled out (the continuous 

curves). 

found to have risen to O.so. TA., which formerly was negative, is 
now weaki}’’ positive. II. 6. 

No. 4 ($b. lO/T-96) on discharge had Th. 0.36, TA. moderately 
positive, II. 7, but at the time of the afterexamination three weeks 
later there Were nausea, epigastric oppression and slight jaundice. Th. 
had risen to 0.66, whereas TA. was negative. About eight days sub- 
sequent to the after-examination the patient Was rehospitalized with 
ir. 85, Th. 0.93, TA. weakly positive. 

No. 5 ($b. 3/12-21) on discharge had Th. O.si, TA. negative, 
II. 7. At the after-examination six Weeks later Th. had fallen to 0.13 
and there Was only slight lassitude; twelve Weeks later, however, the 
patient was unwell, temperature 38°, epigastric oppression, nausea, 
slight jaundice of the sclerae. At this juncture Th. was 0.38, TA. Weakly 
positive. 

The suggestion deriving from these observations is that persistent 
positive thymol reaction in presumably recovered patients with hepa- 
titis may indicate a protraction of the disease apt to lead to chronic 
impairment of the liver. 

S'pecificity of the Thymol Reaction. 

It is presumable that most of the observations enumerated 
above may be taken as a sign that in the positive thymol reaction 
we have a symptom of liver lesion due to hepatitis. In order to 
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clarify this symptom — or rather its reliability — I have made 
thymol tests on 396 patients^ ivith various internal diseases, and 
on 29 women in the last three months of pregnancy^ Six of the 
latter had albuminuria. 

Similar tests were made earlier by Maclagan, who observed 
positive reactions in 21 out of 217 patients. 

Of the 415 patients referred to, 37 gave a positive thymol 
reaction and 19 a doubtfully positive reaction. 

The following table shows how these reactions were distributed 
among the various disease groups. 


Table. 

Thymol Values of Patients with Various Internal Diseases. 



Gastric and intestinal 
diseases 


Respiratory diseases 


Heart diseases 
Joint diseases 


Kidney diseases 


Blood diseases 


Endocrine diseases 

Nervous diseases 

Diseases of internal 
genitals 


Ulcus ventriculi 
1) duodeni 
Cancer ventriculi 
I) intestini 
Helminthiasis 

Pneumonia 
Bronchitis chron. 
Asthma bronchiale 
Pleuritis exsudativa 
Tuberculosis pulmonis 

Stasis hepatis 

Febris rheumatiea 
Polyarthritis chron. 
Periarthrosis 

Pyelonephritis chron. 
Glomerulonephritis 
chron. 

Anemia perniciosa 
Leucosis lymf. chron. 
Myelomatosis multi- 
plex 

Morbus Basedorvii 
My.xoedema 
Diabetes mellitus 

Sclerosis disseminata 
Apoplexia cerebri 

Cancer uteri 
» prostatae 
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Tnhle. (Coat.) 



Diagnosis 

jS'umber 

of 

Cases 

• 

Thymol- 
positivo & 
Doubtfully 
Positive 
Cases 

Thymol- 

negative 

Gases 

[ 

Gastroenteritis acuta 


(1) 

29 


Febris typhoidea 



6 


Para typhus 


(1) 

4 


Catarrbalia 


(3) 

2 


Tonsillitis acuta 


2 (3) 

86 

Special infectious 

Mononucleosis infec- 




diseases 

tiosa 

248 

18 (5) 

11 


Diphteria 



6 


Scarlatina 



14 


Morbilli -(- Pneumonia 


2 

8 


Parotitis epidemica 



1 


Erysipelas 



17 


Meningitis 



29 

Pregnancy 

Albuminuria 

29 


23 


■f » 


1 

5 

Totals 


415 

36 (19) 

359 


The number of positives among mononucleosis patients is 
remarkably high, 18 out of 34. The cause may be that the liver 
is rather often suffering in mononucleosis (Thomsen, S. (14), 
Bang, J. & Wanscher, 0. (15)). In his investigations with elec- 
trophoresis in cases of infectious hepatitis Martin (16) discovered 
in 1946 that the electrophoretic finds are not specific for infectious 
hepatitis, similar shadows being observed in mononucleosis and 
lupus erythematosus. 

The control investigation into the thymol test on patients with 
various diseases that cannot be grouped as hepatitis, obstructive 
jaundice or cancer of the liver, shows that sometimes such diseases 
are capable of inducing the blood changes that are demonstrable 
by means of the thymol test. Whether this involves liver dam- 
age — which perhaps is most probable — or other things remains 
uncertain for the present. However, this limitation of the sig- 
nificance of the thymol test is of less practical importance com- 
pared with the value of the test as an adjuvant to differential 
diagnosis between hepatitis and obstructive jaundice. 
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Epicrisis. 

I shall now summarize the main points of the foregoing. 

An outstanding feature of the thymol test is its rapidity and 
simplicity, and quantitatively it is standardized when the photo- 
meter is used for the reading. Consequently it is an easily applied 
laboratory test. 

The results of earlier investigators suggest that the thymol 
reaction reflects an abnormal condition in the globulins of the 
blood, maybe abnormal conditions in the ^-globulins. 

The thymol reaction is most often, and most constantly, posi- 
tive in cases of hepatitis, and when repeated, promdes a numerical 
series which indicates the course of the disease. In contrast, the 
reaction is mostly negative or weakly positive in cases of ob- 
structive jaundice. The test is therefore of importance as circum- 
stantial evidence in the differential diagnosis between hepatitis 
and obstructive jaundice. 

In some instances the thymol reaction remains positive after 
the acute hepatitis — - judged by other clinical methods — has 
subsided. 

Agreeing with the experience of Kunkel & Hoagland and the 
investigations of the Hospital of the Eockefeller Institute, these 
observations suggest that in cases of hepatitis prolonged positive 
thymol reaction after the subsidence of other clinical symptoms 
must be regarded as a sign of persistent impairment of the liver. 


Summary. 


1) The author briefly describes the technique of the thymol 
test with readings on the Pulfrich photometer. 

2) 107 patients with jaundice were subjected to the thymol 
test. It was found to be positive in 91 % of the cases of acute 
hepatitis, in 100 % of cases of chronic hepatitis, and in 10 % of 
cases of obstructive jaundice. 


3) The reaction seems to be of value in the differential diagnosis 
between hepatitis and obstructive icterus. 

• %mol test was made on 415 patients with various 

internal diseases. Positive reaction was observed in 36 
about 9 %. ’ 


t. e. 
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5) An examination of tlie relation between tbe thymol reaction 
and the icterus index shows when the findings in different cases 
are compared that there is no direct quantitative correlation, 
but a certain degree of chronological correlation (individually). 

6) In 23 of 33 cases of acute hepatitis the thymol reaction 
remained positive at a time when the icterus index value had 
become normal. 

7) An after-examination of patients discharged as presumably 
recovered but with an increased thymol value, revealed in 5.out 
of 12 cases relapses and re-increased thymol values. 
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One of the authors (1) found in 1938 that thiamine increases the 
effect of Insulin by easing the infiltration of it into the tissues. 
These investigations were strongly against tlie supposition that 
thiamine increases the insulin-production but did not rule out the 
possibility that the main factor is the rise of the peripheral sugar- 
utilisation. 

The difference in the sugar content between the arterial (capil- 
lary) and venous blood (henceforth AY diff.) may be regarded ns 
the measure of the peripheral utilisation of sugar (2, 3, d). 

The arterial (capillary) blood contains the whole quantity of 
sugar being at the disposal of the tissues, whereas the venous blood 
carries only the unused residual. The more sugar gets into the 
tissues, the more manifest will be the AY diff. In diabetes this 
difference decreases. Insulin increases this difference, which fact 
serves as a proof of its peripheral effect (2). The AY diff. depends 
of course on the speed of the blood-stream too (5). 

Aim of our present work was to investigate the thiamine effect 
on the AY diff. after insulin and after administration of dextrose 
in healthy persons and in diabetic patients. 

We know from our own work (1) and from the communications 
of others (6) that thiamine itself does not influence the blood sugar 
level in the fasting state. It seemed therefore plausible that it has 
no effect on the AY diff. Determination of the AY diff. 15, 30, 4.5 
and 60 minutes respectively after administration of thiamine 
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confirmed this assumption. In the first part of our experiments we 
followed the beha,viour of the AV diff. for one hour before the 
administration of the thiamine. We found that our method does 
not allow the evaluation of AV differences below 15 mg p.c., 
because under this limit spontaneous variations also occur. The 
determination of the AV diff. after thiamine did not show higher 
values than 16 mg p.c., indicating that thiamine itself had not 
influenced the AV diff. 


?! um- 
ber 

Name 

Diagnosis 

Fasting 

level 

15 


45 



15 

n 

45 

i 

mm 

h..,. 

S. M. 

neurasth. 

92 

81 

76 

78 

80 

76 

84 

90 

95 

cap. 

; 



92 

84 

76 

73 

72 

72 

96 

100 

102 

ven 

2.... 

M. P. 

neurastb. 

100 

91 

97 

92 

88 

90 

100 

101 

100 

cap. 




92 

92 

98 

86 

100 

105 

99 

98 

100 

ven 

3.... 

K. S. 

gastritis 

112 

99 

95 

88 

82 

80 

87 

93 

87 

cap. 




106 

92 

99 

99 

90 

92 

84 

83 

80 

ven 


Later we investigated the thiamine effect on the AV diff. 
increased by the administration of dextrose or insulin. We 
employed the following method: 

The investigation of the patient was carried out by both of us at 
the same time. One of us drew blood from the cubital vein not or slightly 
compressing it, whereas the other took blood from the punctured finger- 
tip. After 12 hours of fasting the patient had his blood taken and got 
30 gr dextrose dissolved in 200 ml of water, or 4, 6 or 8 units of insulin 
intravenously, according to his weight. Blood was taken again by the 
above described method, 15, 30, 60 and 90 minutes later. The blood 
sugar determinations We carried out with three, later with two samples 
employing the Bujita-Iwatake modification of the Hagedoin Jensen 
procedure (7). Two, respectively five days later the experiment was 
repeated on the same patient under exactly the same conditions, plus 
administering 50 mg Thiamine (A'’itaplex Ba Chinoin) into the cubital 
vein, with the dextrose or insulin respectively. 

Our five dextrose experiments (No 4— -8) one of them diabetes 
yielded very indistinct AV differences, the sugar content of the 
arterial and venous blood being very near to each other. The AV 
diff. did not rise after dextrose and thiamine either. ^Ve already 
knew from the investigations made earlier by one of us (1) that tlie 
curve of blood sugar after dextrose administration flattens and 
shortens through the thiamine effect. This was found in our pres- 
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ent investigations too. But contrary to Horn’s t8) findings, we 
failed to demonstrate the thiamine effect on the AV diff. after 
dextrose. 


Num- 

ber 

Name 

Diagnosis 

Fasting 

1 

30 gr dex- 
trose 

Fasting 

1 

30 gr dextrose -f- 
50 mg thiamine 

15 

30 

60 

15 

30 

60 

min. 

4.... 

N.F. 

pern, anaemia 

91 

117 

119 

128 

94 

108 

113 

122 

cap. 




9o 

106 

124 

135 

97 

96 

105 

114 

ven. 

5.... 

L. M. 

hyperthyreosis 

78 

90 

146 

133 

78 

101 

130 

120 

cap. 




71 

100 

130 

128 

76 

110 

132 

125 

ven. 

6 .... 

M.K. 

hyperthyreosis 

108 

160 

193 

174 

104 

155 

182 

152 

cap. 




114 

148 

180 

172 

104 

138 

174 

158 

ven. 

7,... 

S. A. 

myodeg. cordis 

83 

122 

166 

166 

86 

108 

127 

145 

cap. 




78 

124 

140 

147 

80 

101 

132 

140 

ven. 

8.... 

T.S. 

diabetes 

142 

187 

223 

228 

136 

173 

213 

227 

cap. 




146 

178 

220 

235 

133 

16412231 

227 

ven. 


Thiamine made the AV diff. after dextrose rather decrease, 
and not at all increase. The fact that the AY diff. was very small 
after dextrose made the evaluation very nncertain. 

Insulin caused a much more distinct AV diff. Even therefore 
the greatest part of our experiments was made after insulin (In 
all 30 exp. 10 of which in diabetes.) Eig. 1 shows the planimetric 
evaluation of the blood-sugar numbers in the capillaries (arteries) 
and veins taken after insulin with thiamine respectively 

VBaV (oapillaiy), the area 

VBCVi the venous blood-sugar level, their difference shows plard- 

plotted the oorrespoBdmg values taken after insulin pins thiamine 
The change in the AV diff. caused by thiamine is fcdtee 
between the areas AVV,A, and aw« if 4 . 1 , • 

increase the peripherial rthslnl^-^L 1!^ sf^rX 

area should be larger that the area AW At 

Should be a positive number. difference 

of external cireumstances or 

tested our method by carrying out one anrl ft ^ 

on one person within several davs f A V tti 
5 experiments (Ho 9 — 13 ) thp^p^Q xr ^®dlin.) Out of 

greatLt deviation ^ showed the 

^3 /82174. Acta med, scandinav. Vol. CXXXt 
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Num- 

ber 

Name 

Diagnosis 

Fast. 1. 

4-8 u. 
insulin 

East. 

4 — 8 u. insulin -j- 
50 mg tliiamino 

15 

30 

GO 

15 

30 

GO 

min. 

23 

H. E. 

hypertbvr. 

98 

70 

59 

71 

88 

47 

34 

47 

cap. 




83 

50 

53 

G4 

7G 

39 

31 

3G 

Yen. 

24 

G. R. 

emaciation 

108 

78 

G8 

97 

111 

83 

GO 

G7 

cap. 




103 

97 

70 

80 

105 

91 

70 

G2 

vcn. 

25 

K. J. 

hypertension 

123 

102 

100 

118 

110 

72 

77 

8G 

cap. 




126 

95 

74 

101 

120 

74 

52 

77 

von. 

26 

Sz. E. 

polyarthritis 

■ 88 

77 

72 

74 

84 

56 

67 

78 

cap. 



acromeg. 

113 

GO 

70 

92 

94 

GO 

84 

84 

veil. 
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Num- 

ber 

Name 

Diagnosis 

FaHl.l. 

4 — 8 u. 
insulin 

Fast. 

4—8 u. insulin J- 
50 mg thininino 


GO 

15 

30 

GO 

min. 

27 

K. E. 

dtiotl. ulcer. 

101 

110 

Oil 

02 

118 

GO 

58' 

76 

cap. 



emaciation 

110 

10.3 

95: 

7l| 

114 

02 

52- 

70 

vcn. 

28 

D. S. 

nejilirolitb. 

90 

70 

5 >2 

02’ 

94 

72 

as! 

70 

cap. 




103 

73 

40, 

08' 

1 

100 

04 

43j 

71 

vcn. 

29 

V. J. 

neurasth. 

108 

SO 


72; 

112 

00 

58 

70 

cap. 




88 

5.3 


04' 

103 

58 

oil 

S3 

vcn. 

30 

M.J. 

artcriosel. 

1.33 

108 100 

70 

1.33 

101 

S3', 

7cl 

cap. 




128 

94 

03 

54 

137 

lOS 

8.8 

72 

vcn. 

31 

B.Gy. 

colitis 

102 

90 

0.3 

05 

95 

S3 

54 ! 08 

cap. 




110 

8.3 

5.3 

03 

102 

07 

58 

76 

vcn. 

32 

B. J. 

coxitis 

117 

115 

90 102 

112 

68 

72 

90 

cap. 




110 

87 

8.3 

99 

105 

81 

02 

74 

vcn. 

33 

T. S. 

artlir. <lcf. 

9.5 

92 

82 

SS 

98 

82 

0! 

72 

cap. 




101 

SO 

70 

70 

100 

78 

0.3 

09 

vcn. 



Diabetic cases: 










3f 

B. M. 

age: 

i>0 

ISO 

100171 

174 

ISO 

158 

123 

92 

cap. 
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100,150 

100 

170 

15.3 

122 

92 

vcn. 

35 

11. L. 

50 

150 

102 

S3 

97 

180 

120 

90 

118 

c.an. 




140 

85 

74 

108 

178 

00 

81 

88, vcn. 

30 

D. .T. 

02 

221 

19,3144 

119 

220 

19S 

135 

9S; cap. 




230 

1981151 

109 

220 

17.3130 

90 

vcn. 

37 

G. I. 

51 

151 

1.3.3 

DO 

70 

153 

113 

80 

70 

cap. 




114 

128 

100 

50 

145 

98 70 

59 

von. 

3S 

K. B. 

Cl 

10.3 

Ml 

lie 

IM 

101 

1.32 

ill 

91 

cap. 




10.3 

122 

113 

91 

105 

111 

102 

83; vcn. 

39 

D. L. 

08 

180 

180 

170 

151 

190 

102 

IIG 

108 

cap. 




198 

109105 

100 

ISO 

153 

117 

95 

vcn. 

40 

11. Zs 

20 

218 

isolion 

152 

227 

187 

144 

]O0 

cap. 




222 

jl77jl54 

138 

225 

187 

132 

124 

vcn. 

41 

JI. .T, 

51 

197 

174158 

131 

172 

105 

123 

85 

cap. 




218 

IGOllG 

91 

195 

147 

90 

OS 

vcn. 

42 

K.Gy. 

05 

240 

240202 

185 

258 

217 

203 

151 

cap. 




200 

220 188 

150 

258 

191 

189 

14S 

vcn. 

43 

Sch.P. 

02 

258 

2G025S 

244 

250 

244 

222 

18-1 

cap. 




202 

258:208 

222 

254 

12451181 

17£ 

vcn. 


The following table contains the planimetric values and their 
results. The values are arranged in the order of the percentual 
change of the AV diff. The AV diff. after insulin and the AV diff. 
after insulin + thiamine arc given and further their difference in 
mm^ and p.c. The increase of the AV diff. is indicated with +, 
the decrease with — . A separate column contains the thiamine 
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effect' on the blood-sngar level after insulin in planimetric values, 
which represents a repetition and confirmation of the experiments 
of 1938 (1), The diabetic cases are printed in italics. 


No 

Num- 
ber of 
case 

Insulin 

Insulin + thia- 
mino 

Effect of 
thiamine 

Cliango of the 
AV. diff. in 

Art. 

Von. 

AV. 

Oiff. 

Art. 

Ven. 

AV. 

diff. 

Art. 

Ven. 


p.c. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


3G 

27 

19 

37 

17 
16 

34 

18 
21 
32 

35 
42 
15 
23 
42 

25 
41 
35 
14 

39 

40 
22 
33 
31 
30 
29 
20 
28 

26 
14 


C335 

3554 

2802 

4272 

3677 

2996 

6723 

3368 

4250 

4203 

5003 

S471 

3566 

2772 

10100 

4306 

6404 

4659 

3467 

GS95 

7083 

3385 

3506 

2995 

3930 

2738 

4236 

2633 

3013 

3303 


6451 

3713 

2687 

4040 

3412 

2837 

6614 

2859 

4134 

3643 

4636 

7SS4 

2754 

2360 

0213 

3677 

5291 

3026 

2887 

6143 

6572 

2835 

3122 

2783 

3030 

2459 

4054 

2483 

3118 

3327 


- 113 
~ 155 

115 
223 
265 
159 
100 
509 

116 
560 ; 
457 
5S7\ 
812 
412' 
077 
629 

1113\ 

733 

580 

752 

511 

550, 

384 

212i 

900 

279 

182 

150i 

105 

24, 


5066 

2846 

2441 

3S40 

3568! 

2470: 

5255\ 

28801 

4333 

3495 

4680] 

S016\ 

33461 

1881 

8705' 

3261 

5181 

3061 

30711 

5402> 

6355 

3351 

2966 


5743 

26681 

2093! 

;3333 

2969! 

2195 

5J25I 

2316 

4217 

3000: 

4302, 

7532 

2689 

1566 

8044 

2^5 

4611 

36701 

12849 

5123] 

61701 

13241 

2912 


2788 27891 


3676] 

2757 

3711 

2301 

27401 

2924, 


'3798: 

2881 

3800 

2406 

3159| 

3109 


223 

178 

348 

516 

599 

275 

134 

564 

IIG 

495 

387 

484 

657 

315 

661 

406 

570 

291 

222 

270 

185 

m 

54 
- 1 
-122 
-124 
- 95 
-165 
■419 
-185 


- 372^ 

- 7081 

- 361 

- 518 

- 109 

- 526 
-1468, 

- 488 

- 83 

- 70S 

- 40). 

- 455 

- 2201 

- 891 
-1485 
-1045; 
-1223 

- 60S: 

- 396 
-1403 

- 72S\ 
34 

- 540, 


-f 


- 207 

- 254 
-f 19, 

525 

- 332 

- 273 
3791 




+ 


- 70S 
-1045 

- 594 

- 716 

- 443 

- 642: 
-1403] 

- 543 

- 83, 

- 643| 

- 334. 

- 352 

- G5| 

- 7941 
-1169, 

- 822 
• 080 

■ 356] 

■ 38 
■ 1020 < 

■ 402 
406 : 
210 

6 

768 

422: 

24S| 

17 

41 

218 


-4-336 
-4-337 
4-233 
4-2.93 
-f334 
-file 
-f- 25 
4- 55 

- 65 

- 70 
-103 
—1.55 

- 97 
-316 
-223 
-543 
-442 
-358 
-473 
-326 
-440 
-.330 
-213 
1022 
-403 
-277 
-.315 
-314 
-161 


4-297 
4-220 
4-203 
4-732 
4-126 
4- 7.3 
-f- 23 
11 

- 12 

- 15 
~ IS 

- 19 
~ 24 

- 32 

- 35 

- 40 

- 50 

- 62 

- 63 

- 64 

- SO 

- 86 
-100 
-114 
-145 
-152 
-210 
-299 
-671 


The data of the table show that except of 1 cases (No 1 ^ oq 

deoreasad iu G oases and loft nnclZgod^riVcirs^ry 

™td“ lovd 

thiamine. Tlie decrease nf rl ^jlood sugar in 24, cases by 

decrease of the sngm: content of the venous blood 
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means the augmentation of the sugar-utilization of the tissues. 
This finding is in accordance -with the experimental results of one 
of us (1) demonstrating that thiamine facilitates the diffusion of 
insulin into the cells. As the AV diff. did not var)^, wc suppose 
that thiamine has not only a peripheral but a central, hepatic 
effect too, viz. it increases the glycogen-apposition-effect of the 
insulin. The mechanism of this effect seems to be similar to the 
peripheral one; thiamine increases the diffusion of insulin into the 
cells. On account of the balance of the peripheral and central 
(hepatic) effect, the AV diff. after insulin did not change in the 
most cases. The greater AV diff. in some cases means the prepon- 
derance of the peripheral effect, a lorvcr one the greater intensity of 
the liver-effect. The closer inspection of the cases shoived that the 
greatest decrease of the AV diff. occurred with Simmonds disease 
and acromegalia (cases 2G, 14). Wc found in these two patients that 
their arterial Irlood-sugar level was consequently lower than the 
venous one, thus an AV diff. did not appear even after insulin. 
Lilcewise behaved the two other extreme cases of diabetes and 
pituitary emaciation (Cases 3G, 27). It seems that endocrine glands, 
at first the hypophysis influences the effect of thiamine. From the 
investigations of Julesz (9) we know that thiamine hinders the 
activity of the frontal lobe of the hypophysis. Julesz explains the 
thiamine-effect on the carbohydrate metabolism with the inhibi- 
tive impact of thiamine on the frontal lobe of the hypophysis. 
Contrarj^ to Julesz, we think, that the hypophysis only influences 
the effect of thiamine on insulin, on the same way as it influences 
the effect of insulin. 

From the point of aocw of carboh 3 nlrnte metabolism there is no 
essential difference between tlie behaviour of healthy and diabetic 
persons. Our table shows, hoAvcver, the diabetic cases among 
those ones in Avhich the thiamine effect either increases the AV diff. 
or lets it unchanged. No decrease of the AV diff. was registered in 
diabetes bj'- thiamine. 


Summary. 

After administration of dextrose and insulin we determined the 
difference of the blood sugar content in the arterial and venous 
blood, t. e. the extent of the sugar utilisation of the tissues, and 
examined the effect of thiamine on this difference. ^Ve found that 
thiamine fails to change the AV diff. We complete our earlier fin- 
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dings, concerning tlie fact tliat thiamine facilitates the diffusion 
of insulin into the cells, with the statement that this effect acts 
not only on the periphery, but centrally, on the liver, too. The 
balance of the central and peripheral effect of the thiamine de- 
pends probably on the activity of the hypophysis. 

We are expressing our thanlc to the chemical factory Chinoin 
RT Budapest for the generously given material (Vitaj)lex Bi 
Chinoin) and to Miss Susan Abelsberg, laboratory assistant, for 
her valuable help. 
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Chronic CoustrictiTC Pericarditis. 

By 

VAGN MORTENSEN .and ERIK WARBURG. 
(Submitted for publication October 22, 19J7.) 


Introduction. 

During the past 24 years, since Volbard & Sclimiedcn ptiblishcd 
their epoch-making paper on the diagnosis and treatment oi this 
syndrome, constrictive pericarditis has attracted increasing atten- 
tion. As a matter of fact tliis syndrome nas no new observation, 
insofar as Lower has described it as early as in 1669, saying (cited 
after P. D. "White): 

»Although the fluid enclosed in the pericardium serves effectively 
for lubricating the surface of the heart and facilitating its move- 
ment, it sometimes happens that a profuse effusion oppresses 
and inixndates the heart. This envelope becomes filled in hydrops 
of the heart; the walls of the heart are compressed by the fluid 
settling everywhere so tliat they cannot dilate sufficiently to 
receive blood; then the pulse becomes exceedingly small, until 
finally it becomes utterly suppressed by the great inundation 
of fluid, whence succeed syncope and death itself . . . Just as 
the accumulation of too much water in itself brings harm to tlie 
heart so it happens that trouble comes when heart and peri- 
cardium become everywhere closely adherent; whence, when it 
becomes attached also to the diaphragm the motion of the heart 
necessarily mingles and combines with that of the diaphragm.)) 

In France, towards the end of the past century, Hutinel called 
attention to the connection between symphj^sis of the peri- 
14 — ^S2i74, Acta mcd. scandinav. Yol. CXXXI. 
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catdium and portal stasis ■ — indeed, tlie disease is often named 
after Hutinel. Finally, in their theses, Boissin, Boutavant and 
Cousin have given a throrough description of the pathologic- 
anatomical aspects of the lesion. These were often misinterpreted 
and at that time the French school thought ■ — as far as we can 
see, erroneously — that the chronic constrictive pericarditis 
usually was of tuberculous etiology. 

The paper published by Friedel Pick, from Pribran’s Clinic in 
Prague, meant a considerable progress in the conception of the 
syndrome, as he understood the mechanism of the stasis here 
involved almost completely. 

In Denmark, in 1902, Mohr gave an excellent survey of the 
syndrome, which here was of particular interest through the 
circumstance that our famous fellow-countryman Niels Finsen, 
the father of the medical light-therapy, died of this lesion. 

Since the operative treatment of this syndrome has become 
of great significance — through the work of Brauer and, especially 
Delorme — the interest in the disease has increased markedly. 
The operative treatment turned out successful for the first time 
in 1913, in which year Sauerbruch and Pehn each operated on a 
case of this Irind. The operative treatment rvas taken up by 
Schmieden in 1918, who since has operated on a large number of 
cases — up to 1944 a total of 54 cases, undoubtedly the largest 
number recorded for a single surgeon — and who must be said to 
have been the leading surgeon in this field through a number of 
years. 

Outside Germany, particular interest in this syndrome has 
been taken in U. S. A. and in the Scandinavian countries. In 
XT. S. A. the first case was treated operatively in 1929 by Churchill. 
Since then, in particular, 3 medical centers have been dealing 
with this syndrome, namely; in Cleveland, Ohio (Beck), in Boston 
(White and Churchill), and in Nashville, Tennessee (Burwell, 
Blalock and Strayhorn), from which series of operated cases have 
been reported. Beck having nearly the same number of cases as 
Schmieden. More recently the operation has been performed 
in all fairly large medical centers in U, S. A. Among others, in 
1944, altogether 24 cases were reported from the Mayo 
Clinic by Harrington, and 18 cases from New York by Heuef & 
Andrus. 

In the Scandinavian countries, especially Ingvar (in Sweden) 
and Boggild and Warburg (in Denmark) were early interested 
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Significance of Persisting Positive Thymol Reaction after Af parent 

Clinical Restitution. 

Kunkel & Hoagland (13) applied the thymol test in convales- 
cence after acute hepatitis and found it to be positive in 67 % 
of 27 cases with persisting symptoms (the nature of which is not 
stated). Of 30 without symptoms only 7 % had a high thymol 
value. 

About 18 % of the cases of acute hepatitis examined at the 
Hospital of the Rockefeller Institute, N. Y. had a clinical rela pse 
during convalescence. In all these cases there was an increase in 
the tlnunol value one to three weeks after the relapse set in. In 
some instances the thymol value ivas higher than at the primary 
attack, and in some the increased values persisted up to six months 
after other objective signs of the relapse had subsided. 

For the purpose of examining the significance of a persistently 
high thymol value, 12 of the j)atients discharged as apparently 
recovered, while still ha\nng a high thymol value, were examined 
subsequently (fig, 4), 

Special interest attaches to the curves of five of the patients 
because, in contrast to the others who were after-examined, they 
still presented both subjective (lassitude, nausea, vomiting) and 
objective symptoms (jaundice [sub-jaundice]) of defective resti- 
tution. 

As these cases also seem to be of particular interest in the 
question of the significance of a persistently positive thymol 
reaction, their data are given below in brief outline (Th. = thy- 
mol value, TA. = Takata x\ra, II = icterus index). 

No. 1 (2 b. 14/12-20) (Curve 1) on discharge had Th. =0.27, TA. 
negative, 11. 8. The after-examination shows considerable lassitude, 
occasional epigastric oppression and nausea, but no jaundice. Four 
Weeks after discharge, Th. was O.ct, TA. positive. 

No. 2 (^Jh. 1/5-13) on discharge had Th. 0 . 12 , TA. weakly positive, 
11. 7. Constant lassitude since discharge. Iji the period three to five 
weeks after discharge had a temperature, about 38°, sometimes nausea 
and epigastric oppression. At this juncture there is marked fluctuation 
in Th. to 0.75. TA. as on discharge, Weakly positive, II. 12. Fourteen 
davs later a subjective improvement, temperature normal, and a con- 
siderable fall in Th. to 0.35. TA. still weakly positive, IT. only 6. 

• No. 3 ($ b. 24/3-21) on discharge had Th. 0.17, TA. negative, 11. 5, 
but in the ten weeks prior to the after-examination had two relapses 
with the symptoms lassitude, nausea, vomiting, pale faeces, dark 
urine. At the after-examination the only complaint is tiredness. Th. 
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in the syndrome and have published series of operated cases in 
193/ 1939, the operations being performed respectively by 

Tengvall, Boggild, Lendorf and Kj/erg/jard. The 9 cases previously 
published by Warburg are included in the patient material here 
presented. 

In France, pericardiectomy was performed by Hallopeau as 
early as 1910. After this, however, the operative treatment of the 
syndrome appears not to have attracted any particular interest 
until 1939, when the first operated cases with non-fatal outcome 
were reported by Santy, Bernheim, Piquet & Galy. In the same 
year, a thesis was published by Piquet on the syndrome, com- 
prising 59 operated cases gathered from the hterature. 

In the case of England the same holds true as has been said 
about France: that some very valuable contributions to the 
clinical aspects of the syndrome were given at an early juncture, 
whereas the operative treatment appears to have been slow in 
attracting a similar interest as it met with in Germany, U. S. A, 
and the Scandinavian countries. 

Now the total number of operated cases amounts to several 
hundreds. In 1936 the total number of operated cases was reckoned 
to be 110 (an account given by Smith & Liggett in 1928 comprises 
the total of 107 cases, but undoubtedly many of these cases have 
not been clear-cut — or several of them may have been diagnosed 
erroneously — as valvular defects were present in no less than 
29 cases). Since then, the number of operated cases has been in- 
creasing markedly. In 1944 the two largest series of cases reported 
from a single clinic had grown to about half a hundred cases, and 
in addition numerous smaller series and single observations have 
been published. 

In the literature it is generally agreed that patients suffering 
from chronic constrictive pericarditis should be treated operatively, 
but such treatment should be postponed as long as the patient 
shows any evidence of active infection. Still, Burwell & Blalock 
think that no particular risk is involved in operation for tuber- 
culous constriction in the presence of active proliferative tuber- 
culous pericarditis — a view that is not shared by Churchill. On 
the other hand, the operation should not be postponed too long, 
as the operative risk increases with increasing cardiac insufficiency, 
e.specially when the process of calcification appears in the peri- 
cardium. Calcification is no contraindication for the operation, 
however, and, among others, Settergren advocates a greater liber- 
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Table 2. 

A^c Distribution of the Patient Material. 



It will be noticed that constriction of tbe heart preferably 
attacks tbe 3 ’’oung age-classes, 14 of tbe patients presenting 
symptoms of tbis lesion before tbe age of 25 — one-tbird of tbe 
patients even before tbe age of 20 years. In our material no 
difference can be demonstrated in tbe age distribution of male 
and female patients. 

Adraittiug Diagnoses. 

Altogether 14 patients were admitted for chronic constrictive 
pericarditis, observation for tbis syndrome, or accretio cordis. All 
these patients, however, were transferred to our department from 
other special medical cUnics. Tbe remaining 11 cases were ad- 
mitted under other diagnoses (e. g., polyserositis, chronic hepa- 
titis, or cardiac disease). It looks as if tbe general practitioners 
still have difficulties in making tbe diagnosis. 

Etiology. 

In tbe past histories of tbe patients we have looked into tbe 
occurrence of the diseases which from experiences are known not 
infrequently to give cardiac disease, besides tbe occurrence of 
tuberculosis and traumatic injury. Tbe outcome is recorded in 
Table 3. 

Erom Table 3 it will be seen that tbe diseases which not infre- 
quently give some heart lesion here are represented but scantily. 
It is to be pointed out in particular that rheumatic fever occurred 
in the past history of only 2 patients, while 21 stated explicitly 
that they had never been suffering from rheumatic fever. Thus, 
the present material does not indicate that the rheumatic in- 
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Table 8. 

Incidence of Diseases which not injrcqiienthj give Heart Lesions, besides 
the Occurrence of Tiiherculosis and Traumatic Injttry in the Past Histories 

of the patients. 



fection plays any particular role in the occurrence of constric- 
tion of the heart. The cases impljing a possibility of a rheumatic 
etiology were as follows: 1 patient had perhaps had pericarditis 
after an attack of scarlet fever at the age of 8 years, but the con- 
striction gave no symptoms till the patient had reached the age 
of 43. 1 patient gave a past history of rheumatic fever at the 
age of 18 3 ’'eaTs, and the constriction commenced at the age of 27. 
1 patient said that perhaps he had had rheumatic fever and rheu- 
matic pleurisy at the age of 16 years; in his case the constriction 
of the heart commenced at the age of 25. Finally, 1 patient showed 
an antistreptolysin titer of 1,135 — 800 on admission for constric- 
tion of the heart; 9 years before, the same patient had been 
suffering from pulmonary tuberculosis. It is not possible from 
these cases to say whether the past rheumatic infection may have 
been of any etiological significance to the subsequent constriction 
of the heart, or whether it merely is a matter of accidental coinci- 
dence. The frequency of rheumatic infection in the past history 
of the patients is no greater in the constriction material than 

in the rest of the patient material in this department, beiim 
about 10 %. ^ > b 


Among other etiological factors, mention is to be made of 
tuberculosis The frequency of pleurisy in the histories of the 
patients offers no information, as possibly the )>pleurisy» may 
merely have been a state of hydrothorax. In 3 cases the con- 

positively tuberculous (verified histo- 
_ gically) The group of uncertain and complicated cases further 
includes 2 cases of tuberculous constrictive pericarditis, both 
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complicated by tuberculous empyema. Thus there can be no 
doubt that tuberculosis may give rise to constriction of the heart. 
Possibly tuberculosis may have played an etiological role in many 
of the cases where no definite etiological factor could be found, 
hut this is quite uncertain. 

In 2 cases the etiology consisted in traumatic injuries, respec- 
tively blunt \’iolence and gunshot injury. Pinally, in 1 case 
the consfa'iction of the heart was due to calcification of the peri- 
cardium following coronary occlusion. 

In the remaining cases the etiology was quite obscure. In 7 
case? the patients stated they had had an attack of a febrile 
disease, most often influenza, bronchitis or pneumonia — about 
at the time when the symptoms of the constriction commenced; 
and in the other cases no information could be obtained on this 
point. 

So our knowledge concerning the etiology may he summarized 
to this effect: that it is doubtful whether the rheumatic infection 
plays any particular role in this respect, while tuberculosis may 
give rise to constriction of the heart, and the same applies to coro- 
nary occlusion and traumatic injury. On the whole, however, 
we know but very little about the etiology. 


Coini)laints. 

Table 4 gives a surve}'^ of the frequency of various complaints 
or symptoms observed by the patient himself. 


Table 4. 


Frequenci/ of various Symflo7ns observed hj the Patients themselves. 



In addition, most of the patients also complained of tiredness. 
Thus the principal symptoms are dyspnea, increasing circum- 










CIinONIC CONSTRICTIVE PERICARDITIS. 211 

ference of the abdomen and tendency to edema, whereas cardiac 
sensations ate less frequent. In nearly all the cases the initial- 
symptoms were dyspnea, abdominal tension and increasing 
circumference of the abdomen, whereas edema of .the lower ex- 
tremities did not appear till later on. 

Clinical Signs. 

In Table 5 the frequency of various clinical signs is recorded. 
Thus, functional dyspnea and enlargement of the liver were 
found in all the 25 patients; and also the frequency of swollen 


Tabic 5. 

Frequency of various Clinical Signs of Ihc Syndrome. 
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cervical veins and ascites was very high. The appearance of these 
patients is so characteristic that often the diagnosis can be made 
merely on their looks — at any rate in the relatively young cases 
(see Figs. 1 and 2). 

The more important auscultatory findings are given in Table 6. 


Tabic 6, 

The More Imfortanl Auscultatory Findings. 
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Unfortunately, no statement "vvas made in the case records about 
several symptoms. 

A particularly interesting feature in Tabic G is the very frequent 
occurrence of protodiastolic galop rhythm (»la clique pcricardialc*)). 
This click is of real diagnostic value. In contrast hereto \vc arc 
rather sceptical about the fixation of the licnrt on changes in 
posture. At any rate the latter phenomenon Is rather difficult 
to establish, whereas the pericardial click most often is easy to 
hear. Apart from this, only in one case was a murmur of any 
significance heard. 

A phonocardiogram of the pericardial click is shown in Fig. 3. 

X-ray Examinalio)\. 

On roentgenography the heart was found to he of normal sir.c 
in 18 cases, slightly enlarged in 2 and considerably enlarged 
in 5 cases. In one of the last-mentioned cases, however, the en- 
largement was due to a voluminous pericardial exudate, while the 
constriction of the heart was produced merely by a greatly tliick- 
ened visceral pericardium, and the heart was normal in size. 
No characteristic change in the form of the heart was found in this 
material. In 12 patients, areas of calcification could he demon- 
strated in the pericardium; and this applies to 5 of the 6 cases 
in which the heart actually was enlarged. All the patients showijig 
pericardial calcification were men. Still, in one additional case 
an insignificant degree of pericardial calcification appeared in a 
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Fig. 4. Kymogram before and after the operation. 
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woman several years after the operation. As will be mentioned 
below, 5 patients bad arrhytmia perpetua, and they all showed 
pericardial calcification. Thus, enlargement of the heart, areas 
of calcification in the pericardium and the arrhythmia perpetua 
have a tendency to accompanj’- each other. 

Kymography was performed in 18 cases and shoived invariably 
small deflections or none at all. In 7 cases, kymography was 
performed after the operation; and in 3 of these cases there was 
no change in the picture, while in 2 cases the deflections have 
become larger, and in 2 cases the kymogram had become normal. 

The kymogram obtained in one of our cases before and after 
the operation is shown in Fig. 4 . 

Electrocardiography. 

The most frequent electrocardiographic changes consist in in- 
version of T waves. The following changes were found: 

— Ti, — Tj and — T3: 9 cases. 

Diphasic or iso-electric Ti, — T- and — Td: 8 cases. 

-r Ti, — To and — T,; 4 cases. 

Iso-electric or negative Ti and Tj; negative, positive or iso- 
electric T3: 4 cases. 

Precordial leads (parasternal and apical) were employed in 22 
cases, 9 of W'hich showed inversion of the T wmve in both leads, 
T;hile 6 showed inversion of the T wave in the apical lead, and the 
remaining cases showed positive T wmves in both precordial leads. 

Left ventricular preponderance did not occur. Right pre- 
ponderance was found in 3 cases. Low voltage was found in 7 
cases. Arrhythmia perpetua was found in 5 cases; one of these 
patients showed first auricular fibrillation and later, after the 
operation, auricular flutter, which on treatment with quinidine 
was replaced by sinus rhythm. Various types of electrocardiograms 
are shown in Figs. 6, 6 and 7. 


Venous Pressure. 

The height of the venous pressure in these cases is recorded in 
Table 7 . 

The venous pressure is greatly increased in all the cases exam- 
ined but one, and here it was increased in the femoral vein. 
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Table 7. 

YenovM Pressure. 



Not measured 

130 

151-200 

201-250 

251-300 

301-351 

400 

Venous pressure in 
Nos. of patients 

2 

1 

2 

5 

8 

5 

2 


E’ron'i our material as "well as from nearly all otliers published, 
then, it is evident that measuring of the venous pressure is of 
the very greatest importance to clinching of the diagnosis. 


Arterial Pressure. 

The arterial blood pressure is of minor importance in cases of 
this kind. Our findings are recorded in Table 8. 


Table 8. 

Arterial Blood Pressure. 
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Diastolic pressure, maximal iu ItTos, of cases 
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4 
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1 
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A relatively loiv systolic pressure is a characteristic feature. 
The one instance of marked hypertension -was found in a man, 
65 years old, vdth a past history of coronary thrombosis. 

It has been claimed that a low blood pressute amplitude is 
particularly characteristic of constriction of the heart. On this 
account the blood pressure amplitudes are recorded in Tables 
9 and 10, from which it will be noticed that even though the ampli- 
tude often is low, this is no obligate symptom. 

Operative Results and Indications for Operative Treatment. 

Of the 25 patients 20 were given operative treatment (Delorme’s 
operation). As in several of these cases the operation was performed 
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in the last years, the observation period for some patients nat- 
urally has been rather short. Still, the material gives some 
valuable information about the operative results. In Tables 9 
and 10 all the cases are entered with various data that are of 
interest in judging of the operative results. 

Table 0. 


Various Data on Patients given Operative Treatment. 
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The 20 operated cases, as shown in Table 9, fall in 3 groups, 
namely: 

Group I: 11 patients who have died. 

» II; 2 patients whose condition was not improved by 
the operation. 

» III; 7 patients showing very favorable result from the 
operation. 

Some particular remarks about the three groups will be appro- 
priate. 
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Group I comprises 11 cases wlio have died, 9 of them in close 
connection with the operations 1 on the operating table, owing 
to a technical accident vdth perforation of the right ventricle 
(pericardial calcification was present); 1 died within a few hours 
after the operation; 5 died within 4 days after the operation; 
1 died 6 weeks after the operation; and 1 died 2^2 months after 
the operation. The remaining 2 patients in Group 1 survived 
the operation and the period of postoperative treatment but died 
respectively 4 and 6 years after. Their condition was not improved 
after the operation, which in one of these cases was not carried 
through completely. Thus the operative mortality is high. Pre- 
sumably, however, this mortality may be lowered considerably 
through a more critical selection of the patients given operative 
treatment. 

. Group II comprises 2 cases, in which the result was uncertain. 
In one of them (Case 15) the condition lias perhaps improved a 
little; in the other it has remained unchanged, but the post- 
operative observation period in these two cases is only 7 and 2 
months respectively. 

Group III comprises 7 patients in whom the operative result 
has to be designated as very favorable. In 3 of these cases (Nos. 
5, 13 and 31) the symptoms disappeared completely. One of these 
patients (No. 13) was able after the operation to perform physical 
work without any difficulty whatever and even take part in a 
foot ball match; another patient (No. 31) was allowed to go 
through pregnancy and gave birth to a normal boy — without 
any labor complications whatever. The remaining 4 patients in 
this group improved quite considerably even though they did not 
become quite symptom-free, being unable to stand physical exer- 
tion quite as well as normal subjects. Prior to the operation, 
abdominal paracentesis had to be performed not infrequently in 
all these cases, and in no case has this been necessary after the 
operation; still, in 2 cases it was necessary after the operation to 
give theobromine for diuretic purpose. The period of survival 
after the operation is recorded in Table 9. 

In order possibly to obtain more definite indications for opera- 
tive treatment we have looked into the influence of various factors 
on the operative result, 

1) Age at the operation. This is recorded in Table 9, and it ap- 

Ih — 'i82nJi. Acta mcd. scandhwv. Vol. CXXXI. 
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pears not- to be of particular importance as long as it is under 40 
years. In Group I, perhaps, there is a preponderance of relatively 
old patients, but in all these a more probable explanation of the 
poor result than the age of the patient has been found, as 5 
showed pericardial calcification, and 2 were suffering from tu- 
berculous constriction of the heart; one of the latter was even in 
a very poor shape, and here the operation was resorted to as the 
ultimate refuge. With our present’experiences we would hesitate 
in advising operative treatment for such patients. On the other 
hand, it may be said that two of the patients who died in close 
connection with the operation (Nos. 11 and 28) ought to have 
been able to go through this treatment, as here the indications 
for operative treatment were quite in keeping with those en- 
countered in Group III, in which all the patients stood the opera- 
tion very well. 

2) Pericardial calcification was found in 7 of the operated cases. 
Of these 7 patients 5 died in connection with the operation, while 
2 survived the operation without improving definitely (Nos, 24 
and 15) and with a short postoperative observation period. Thus 
pericardial calcification is a very seriofus complication, implying 
a great operative risk and presumably only a slight chance of a 
favorable result even if the patient survives the operation — 
probably because in these cases it is difficult to make the pericar- 
diolysis sufficiently extensive. Still, pericardial calcification is not 
to be looked upon as an absolute contraindication for operative 
treatment, as it may be difficult from the roentgenogram to decide 
the extent of the calcification and the resulting difficulties in 
pericardiolysis. Considering the poor prognosis without operative 
treatment it must be justified at any rate to perform an explora- 
tive thoracotomy and examine the practicability of pericardiolysis; 
but if the calcification implies some great difficulties, no further 
operative measures are to be taken. 

3) Arrliytmia fcrpetua was found only twice among the operated 
cases, as beforehand it was looked upon as an unfavorable cir- 
cumstance that has made us hesitate to recommend operative 
treatment in such cases (cf. Table 10). One of the operated pa- 
tients with arrythmia perpetua died 2 days after the operation; 
the other survived the operation, and later we succeeded in getting 
the rhythm regular, but otherwise the condition of this patient 
remained practically unchanged. Both of these patients presented 
also pericardial calcification. 
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4) Enlargement of the heart was found in 3 cases. One^ of these 
patients died 6 weeks after the operation (+ calcification), one 
showed no improvement after the operation (-h calcification), 
and one was absolutely much better after the operation ( cal- 
cification). So enlargement of the heart is no contraindication for 
the operative treatment. 

5) Etiology. One patient with a traumatic etiology died (-{- 
calcification). Of 3 tuberculous cases (no calcification) 2 terminated 
fatally, while one patient survived and became completely free 
from symptoms. Presumably a tuberculous etiolog)’’ has to be 
taken as a warning, especially in the presence of pulmonary 
complications (see the last section, »Complicntcd Cases')), 

6) As is e\ddent from Table 9, presumably the preoperative 
duration of illness is of no importance. The decisive point is that 
the operation is performed before any severe degree of cardiac 
insufficiency has developed, and before the appearance of peri- 
cardial calcification, but obviously the rate at which this takes 
place is subject to great indi\ddunl variation. 

In setting up the indications and contraindications for the 
operative treatment we have to take into consideration also the 
chances of the patients without an operation. The fate of the 
non-operated patient is evident from Table 10, from which 
it will be noticed that 3 out of 5 patients in this group died 
respectively 3, D and G years after the diagnosis was made. 


TnJ)lc 10. 

VarioKs Data on Non-operated Patients. 
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The total hfetime after the onset of tlie symptoms for the 5 
non-operated patients is 6— -13 years, and it has to be taken into 
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consideration that this group represents the worst cases, namely, 
the patients to whom we did not dare to recommend any operative 
treatment. The contraindications for such treatment are plainly 
evident from Table 10: pericardial calcification, arrhythmia 
perpetna, and advanced age. From Table 9 it is further evident 
that several of the operated patients had had their symptoms for 
a uiimber of years — even up to 15 year's — and presumably 
without anv operation these patients would also have had a good 
chance of living longer than the group of poor patients entered 
in Table 10. 

So we have to reckon with the circumstance that patients with 
the S3nrdrome of chronic constrictive pericarditis still have a 
chance of living for a number of years, which roughly may he 
estimated to lie between 1 and 10 years ■ — in a few favorable 
cases, perhaps, even longer. There can be no doubt, however, 
that this lifetime is asociated with complete disablement, and 
this fact suggests some guiding principles with regard to the in- 
dications for operative treatment. If the patients are relatively 
old persons, to whom it often is highly important to be able to 
keep living, albeit only for a few years (in order to be able to 
keep having their income, pension, etc. for the sake of their 
family and for education of their children), and to whom the 
capacity fot physical work often is of minor - importance, we 
have to be very reserved in exposing them to the great risk of 
death implied in pericardiolysis at this age. If, on the other hand, 
the patients are yonng persons to whom it is fat more important 
to recover their working capacity, and for whom the operative 
risk is much smaller, this risk ought to be run, as such patients 
really have a considerable chance of a very favorable result. In 
the presence of pericardial calcification, however, the clinician 
should hesitate in recommending operative treatment to the 
young patients too, even though, we think, it will be advisable 
at any rate to perform an explorative thoracotomy. 

Uncertain and Complicated Cases. 

Finally we shall briefly mention tbe 8 uncertain and complicated 
cases,, which are not included in the preceding account because 
they would considerably warp the presentation of the clear-cut 
cases. 

In 4 of these cases the diagnosis was made at the autopsy; and 
it cannot be stated with certainty that the symphysis pericardii 
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revealed by tbe autopsy has given constriction o£ the heart, ^ as 
the clinical examination was not sufficiently thorough with a view 
to this possibility, as there were also other anomalies sufficient 
to explain the cardiac insufficiency in these cases: mitral stenosis 
in 2 of the cases, thyrotoxicosis in 1, and enormous hypertrophy of 
the heart together with bundle branch block in 1 case. Before 
death, however, the last two cases had suggested the possibility 
of chronic constrictive pericarditis, in one case because the edemas 
would not subside under the treatment given; in the other case 
because no other reasonable etiological explanation of the heart 
lesion could be found. 

In two other cases the diagnosis was merely ventilated but 
quite uncertain. One of these patients was also suffering from a 
mitral lesion. 

In the last two cases the diagnosis of chronic constrictive peri- 
carditis must be said to have been certain, even though in one 
case the constriction hardly was fully developed (only slight in- 
crease in the venous pressure). In both of these cases the lesion 
was of tuberculous etiology, but on thoracotomy it was found 
to be complicated with tuberculous empyema of the ])leurnl cavity, 
on which account the performance of pericardiolysis was given up. 
Both patients died a few days after the operation. 

From these cases, however, we still have learned that in cardiac 
insufficiency with pronounced edema in relatively young persons, 
in whom no diagnosis of the heart le.sion seems obvious, we should 
always keep in mind the possibility of chronic constrictive peri- 
carditis. 


Sunininry. 

A brief survey is given of the literature on chronic constrictive 
pericarditis, together with an account of a patient material com- 
prising 25 clear-cut and typical cases of chronic constrictive peri- 
carditis, besides 8 uncertain or complicated cases. 

From the findings here presented it seems justified to conclude 
that patients suffering from this lesion ought to be given operative 
treatment if they are not too old. The presence of pericardial 
calcification urges strongly to great caution in the operative 
treatment and possibly limit the operation to an explorative 
measure. In cases of tuberculous etiology, the clinician will 
presumably have to be reserved in Ids employment of operative 
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treatment, demanding that the general condition of the patient 
mnst be good, and that there must be no evidence of active 
tuberculous processes. 

In cardial insufficiency occurring in young persons in whom 
the etiological diagnosis is rather obscure, the clinician should 
always keep in mind the possibility of chronic constrictive peri- 
carditis. 
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Relations to Tnhercnlosis. 

By 

•HANS JACOB- USTVEDT. - 
{Submitted for publication October 17, 1947.) 


The author’s interest in the correlation between Erythema 
multiforme and tuberculosis was aroused in 1935 through’ ob- 
servation of a characteristic combination of phenomena; - A 35- 
year-old woman with typical papulovesicular E. ^nullifornie 
showed vesiculous reaction to tuberculin with appearance of 
lichenoid papules around the Pirquet scrath. Hilar adenitis was 
noted at the same time. A fortnight later she got a typical acute 
polyarthritis. Tubercle bacilli were’ found in gastric lavage fluid 
.and two months later she got exudative pleuriiis. E. multiforme 
in this case appeared in exactly the same manner as E. nodosum, 
namely, as a signal to announce a tuberculous primary infection. 

Considering the broad space the discussion of the genesis of ery- 
thema nodosum has occupied in the literature and the em’otional 
vigour with which it has been conducted, it is remarkable to see 
how little attention has been devoted to the relation of erythema 
multiforme to tuberculosis. Most authors merely mention tuber- 
culosis on a line with a long series of uncertain etiological possi- 
bilities. In Ormsby’s »Diseases of the Siam), published in 1945, 
tuberculosis is not mentioned at all. 

Ramel in 1929 reported a case of E. multiforme of tuberculous 
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Lofgren has clinically demonstrated in a number of cases of E. 
nodosum, on the basis of Westergfen’s investigations. 

Tn his material of 178 cases of B. n. Lofgren has 6 cases with 
simultaneous occurrence of E. m. Three of these were found to 
be of tuberculous etiology, two were presumably due to strepto- 
coccal infection, in one cases were found false positive seroreactions 
for syphilis and in one case bilateral hilar adenitis with negative 
tuberculin reaction. 

It is thus sufficiently clear that E. multiforme may arise in 
connection with tuberculous primary infection. The question is 
how often this may be the case and whether there is a possibility 
of distinguishing such cases on the basis of the clinical picture. 


The Tuberculin Tests. 

Of 202 patients in the present material 184, or 91 per cent, 
were tuberculin-tested. In two thirds of the cases only one Pirquet 
test was made, in one third two Pirquet tests or Pirquet 4- 
Mantoux 1 mg. This weakness in the technique can hardly be of 
much significance in this special connection. Lofgren is probably 
right in stating that, as regards the relation of such affections to 
tuberculous primary infection, the dividing line does not run 
between positive and negative reaction but between negative or 
faintly positive reaction on the one hand and strongly positive 
(vesiculous) reaction on the other hand. Individuals who react 
negatively to one Pirquet test have at any rate no high cutaneous 
sensitivity to tuberculin. 

The fact that 72 per cent of the patients examined, including 
all age classes, reacted positively is in itself not very important. 
But it is of interest to compare the situation in E. nodosum, 
which is admitted to be in most cases associated with tuberculous 
primary infection, even if there may be differences of opinion 
as to how high the percentage of non-tuberculous cases of nodal 
fever may be. (Rotnes holds that the great majority of the cases 
are tuberculous, SIdold mentions 60.5 per cent, Lofgren 58.4 per 
cent. Ustvedt: 60 — ’70 per cent!) In the different investigations 
published respecting E. nodosum the percentage of tuberculin 
positivity is found to be surprisingly constant at 90 — 95 per 
cent, even in childhood, • where the percentage of infection is 
otherwise now very low in most places (in our country 10 — 20 
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per cent). For E. multiforme we find, as is seen, positive reac- 
tion in only 72 per cent of the cases, although the material m 
the main consists of adults and even elderly individuals. This 
finding alone goes to indicate that, if there is any connection 
with the tuberculous primary infection, it is far from being such 
a dominant feature as in E. nodosum. 

Talile 1. 

Tuberculin tests. Percentage of positive reactors. 


0— 9 years 

3 of 

9 


10-19 

9 

10 » 

21 (50 

%) 

20-29 


31 * 

52 (GO 

%) 

30-39 

^ 

43 » 

56 (70 

%) 

40-49 

ft *..•***. 

20 » 

24 (SO 

%) 

50-59 

ft ........ 

11 * 

12 (90 

%) 

C0-G9 

70-79 


2 » 

7 


ft 

2 » 

3 



Table 1 shows the percentage of reaction in the separate age 
groups. The figures are small, but they give us an indication 
of the tendency. In the age classes below 30 5 'ears not more than 
half of the patients react positively, and the percentage of reac- 
tion then rises with advancing age. The material is too hetero- 
geneous (coming from town and country) and too small to admit 
of comparison with the average percentage of reaction in healthy 
subjects. 

If we now regard the separate groups comprised in the material, 
a disctinct and characteristic difference is revealed. In the group 
Avith mucous membrane affections (70 patients examined) 52 per 
cent react positively, in the group with simultaneous occurrence 
of E. n. efflorescences (St examined) no less than 98 per cent 
show positive reaction. The group with pure E. multiforme without 
symptoms from mucous membranes occupies an intermediate 
position. 

The vesiculous reactions show a similar distribution. 17 per 
cent of the positive reactions are vesiculous in the mucous 
membrane group, 30 per cent in the group with unmixed E. m. 
and 49 per cent in the group with combined E. m. and E. n. The 
difference is found to be the same if we examine separately the 
patients under 40 years old in order to eliminate the age difference 
in the groups. 

The cases of pure E. m., both with and without manifestations 



230 


ilAXS JACOU i;PTVKI>T. 


from mucous membranes, show a characteristic difference beUveen 
male and female patients, since G5 per cent of the femnle.s under 
40 years old react positively, ns agnijist only 37 per cent of the 
males. The group rvith combined E. m. and I'b n. consists, ns 
already mentioned, almost exclusively of female ])atients. 

From the results of the tuberculin tests it should then be ])er' 
missible to assume that tuberculosis has some etiological signifi- 
cance in the group with combined E. m. and E. n. Further, the 
remarkable frequency of vesiculous reaction goes to indicate that 
it is tuberculous prlmarif injection that liere comes into play. 
Possibly we may also expect to find tliat the group witii pure 
E. m. without mucous membrane manifestations has a somewhat 
higher degree of relationship to tuberculosis than the cases with 
such manifestations. 


Tuberculous }*riuiary Itifectiou. 

Definite signs of tuberculous juimary infection consist in changes 
from negative to positive tuberculin reaction with detection at the 
same lime of tnhcrcle bacilli in cxi)ectorate or gastric lavage fluid. 
These criteria will be satisfied only under specially favourable 
conditions of observation, and such conditions are found only 
in .some few cases in the ]>rcsent material. 

Idean while it may be said that the combination of vesicular 
taiberculin reaction with radiographically observed cliangc.s of the 
juimary tuberculosis typo in lungs and hiliim is strongly indicative 
of recent tuhcrculous primary infection. ]iy the term nprobaWc 
primary infection» I liavo hero meant cases with vesiculous 
tuberculin reaction -}- typical hilar adenitis with polycyclic lateral 
demarcation on the radiogram, some times with pcrihilar con- 
densation or a fresh ])ulmonary focus ({)rimary comjdcx). By the 
term impossible primary infoction» I have designated cases with 
vesiculous tuhcvcvdin reaction, where the radiographic findings 
were judged by the radiologist to indicate hilar adenitis, but where 
the sharp lateral demarcation was lacking. It must be pointed 
out that vesicular tiiberculin reaction alone, without characteristic 
radiographic finding.s, does not permit of any conclusions whatever 
with respect to primary infection. 

In altogether 23 patients out of 202, or over 10 per cent, there 
were together with E. m. found signs of probable primary infec- 
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tion, and in a further 12 cases signs of possible primary infection, 
malcing in all 35 cases, or 17 per cent of the material. These 
figures lie considerably lower than those noted for E. nodosum 
(50—90 per cent), but are undoubtedly a good deal higher than 
what would be found in a normal material comprising the same 
age classes. 

Likewise here there is seen a characteristic difference between 
the various groups. In the group with symptoms from mucous 
membranes there was not found a single indubitable case of 
tuberculous primary infection, and only three cases of possible 
primary infection, i. c., 4 per cent. In the group with combined 
E. ra. and E. n., on the other hand, there were altogether 26 cases 
of probable and possible primary infection (18 -f 8), that is to 
say, nearly half (47 per cent) of the 55 cases in the group. The 
group with pure E. m. without mucous membrane manifestations 
occupies, here as always, an intermediate position, since 5 o\it 
of 67 cases showed typical primar}' infection aiid 1 case possible 
primary infection, making together 9 per cent. 

Especially remarkable is here the contrast between the cases 
with mucous membrane symptoms and the cases with some E. 
uodosum-efflorcscences together wdth E. multiformc. It must 
here be taken into account that radiographic examination of the 
lungs was made in only one half of the cases in the former group, 
whereas in the latter group all the patients, except one, were 
radiographed. But the majority of the non-radiographed patients 
have been tuberculin-negative, so that this circumstance cannot 
be said tq play any decisive role. On comparing with Skiold’s and 
Lofgren’s figures it will be found that, alike as regards the per- 
centage of tuberculin reactions, the number of vesiculous reac- 
tions and the number of probable and possible primary infections, 
the cases wdth combination of typical E. multiformc and E. 
nodosum are rather closely analogous to cases of pure E. nodosim. 

I shall here once more point out that the group I have designated 
ocombined E. m. and E. n.)> does not comprise cases of dominant 
E. nodos. with some separate E. multiforme efflorescences, but 
that the reverse ■was the case: The clinical diagnosis was E, .multi- 
forme of the typical form with bullae, vesicles or cockade arrange- 
ment, with typical localisation, but at the same time there Were 
found some separate red and tender nodules, sometimes very 
few in number, on the extension side of the legs, of 'the type seen 
in E. nodosum. I have previously mentioned that cases of E. 
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nodosum with admixture of some E. multiforme efflorescences 
seem to hear the same relation to tuberculous primary infection 
as the cases of pure E. nodosum. The present material seems to 
indicate that cases of dominant E. multiforme with admixture of 
some E. nodosum efflorescences stand in the same position. Also 
the entirely umnixed E. mnltiforme, without a single E. nodosum 
nodule, may accompany the tuberculous primary infection. In addi- 
tion to the five cases noted in this material, in three of which 
tubercle bacilli were found, I have after conclusion of the in- 
vestigation observed a further two typical cases of pure E. multi- 
forme with positive tuberculin reaction, hilar adenitis and presence 
of tubercle bacilli. 

It accords with the distribution of primaty infections in the 
different groups that signs of earlier undergone tuberculous in- 
fection or disease were more frequently found in mucous membrane 
group (13 out of 80 cases) than in the group with combined E. m. 
and E. n. (6 out of 55). The figures are here very small. 

Follow-up investigations of this material have not been made. 
But through re-admissions to the hospital it has been ascertained 
that 7 of the 23 patients with probable primary infection incurred 
other tuberculous diseases in the course of the first two years, 
including three cases of cavernous pulmonary tuberculosis. In 
two cases there was destruction in the primary infiltration itself, 
a destructive primary tuberculosis, such a Frostad has observed 
in a number of cases of E. nodosum. 

I also wish to mention, as a matter of practical importance, 
that in two cases tubercle bacilli were found in the gastric lavage 
fluid together with entirely negative radiographic findings. 

The question whether E. multiforme may also have relation to 
later phases in the course of a tuberculous infection has, here as 
in cases of E. nodosum, not been made clear. Wallgren’s theory 
respecting the occurrence of post-primary E. nodosum after acute 
infections, with temporary tuberculin anergy, when the reaction 
changes over from negative to positive again, cannot be said to 
have gained support in the latter-day investigations. Lofgren 
advances good arguments for the view that in such cases the fact 
is rather that the E. nodosum has been called forth by the acute 
infection. In the present material E. multiforme occurred in 31 
patients who showed signs of having previously undergone tu- 
berculous infection (tuberculous disease, previous positive tuber- 
culin reaction, calcified primary complex). Only in two of these 
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Bui'\\ ell & Blalock take tuberculosis to be tbe most fre<jueiit 
cause of chronic constrictive pericarditis, stating that 16 of their 
19 patients were suffering from tuberculous constrictive pericar- 
ditis, In most other materials the frequency of tuberculosis is 
recorded as being much lower — • about 15 %. Some cases have 
been of traumatic origin, and in a few cases the syndrome has 
developed after coronary occlusion. Generally, however, the view 
prevails that in most cases the etiology of the lesion is quite 
obscure. 


Patient diaterial. 

For further elucidation of the syndrome we have considered it 
worth while to give a survey of the patients treated for this 
lesion in the iledical Department B of the Eigshospital, Copen- 
hagen, since Warburg was appointed chief of this clinic. 

Our present patient material comprises altogether 33 cases. 
Of this total, however, 8 have been somewhat uncertain or com- 
plicated, leaving thus 25 clear-cut cases of this lesion. The accm’acy 
of the diagnosis has been established in 1 case by the highly 
typical clinical features of the syndrome. In the remaining cases 
the accuracy of the diagnosis was established not only by the 
typical clinical symptoms but also by the operative findings 
(19 cases), the roentgenographic findings (4 cases) and the autopsy 
finding.^ (1 case). 

The distribution of the cases on the various years of the period 
here concerned is shown in Table 1. 


Table 1. 

Distribution of the present Cases on the various Years. 
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From Table 1 it will be noticed that the first 15 cases are 
distributed fairly equally over the years of 1933 — 1944, while 
in the first 2 years . after the cessation of the world war ho less 
than 10 patients were admitted. 

This material is made up of 18 men and 7 women. 

The age distribution of the material is given in Table 2. 
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Six patients witli severe exantliema and mucous membrane 
affection showed negative tuberculin reaction during the exan- 
thema stage, but shortly afterwards typical positive reaction, in 
other words: a transient anergy, such as is seen in many acute ill- 
nesses. This finding speaks distinctly against tuberculous etiology 
in these cases. 

One patient had, when 20 years old, had E. nodosum with 
exudative pleurisy, a combination W’hich in the great majority 
of cases seems to be due to tuberculous infection. 27 years later 
she got E. multiforme. Pirquet was vesicular, and radiographic 
examination revealed a typical hilar adenitis. This may have been 
of non-tuber culous origin, but we cannot exclude the theoretical 
possibility of a genuine reinfection in a case where the original 
tuberculous infection had become extinct. Another patient vdth 
typical calcified primary complex showed during an outbreak of 
E. multiforme vesicular tuberculin reaction with certain hilar 
adenitis. 

It is well known that in rare instances both the exanthema in 
E. nodosum and the hilar adenitis may be observed before sen- 
sitivity to tuberculin has been noted. In a woman aged 26 there 
was found together with B. multiforme a hilar adenitis with 
exudative pleurisy. Pirquet was three times found to be negative 
and did not become positive until after 18 days. Tubercle bacilli 
were found in gastric lavage fluid. More uncertain was the situation 
in this respect in a 25-year-old woman who in March had exudative 
pleurisy with presence of tubercle bacilli and in June the same 
year got pure E. multiforme without symptoms from mucous 
membranes. 

In all 36 cases of certain or probable hilar adenitis with vesi- 
culous tuberculin reaction the adenitis was unilaieral. In 1939 
the author pointed out that the unilateral hilar adenitis is, in its 
radiographic features, highly characteristic of tuberculous primary 
infection, whereas bilateral hilar adenitis is only seldom to be 
ascribed to tuberculosis, but is occasionally due to Boeck’s sarcoid, 
or to unknown conditions. In the same year J. H. Vogt described 
a combination of joint-pains, erythema nodosum and bilateral 
hilar adenitis in a tuberculin-negative patient. In the present 
material there is found a case of typical E. multiforme in a 44- 
year-old woman with negative Pirquet and Mantoux, severe joint- 
pains and bilateral hilar adenitis. Lofgren has a similar case in 
his material. There is no particular reason for assuming that this 
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cases was tlie esantheiua immediately preceded by an acute in- 
fectious disaese, in both cases an angina. 

In a couple of cases E. m. appeared as a link in a chain of tuber-, 
culous manifestations. Example: A 20-year-old woman had first 
a tuberculous anal abscess, 8 months later erythema nodosum, 
6 months after this a recurrence of the anal abscess, at the same 
time E. multiforme with some few E. nodosum nodules, pulmonary 
infiltration and vesiculous tuberculin reaction. Three years later 
fully developed cavernous phthisis. 

There is reason to devote particular attention to the result of the 
tuberculin test in cases of E. multiforme. Occasionally there may 
be seen already in the first 21 hours typical E. multiforme ef- 
florescences around the Pirquet scratch, with papules and ves- 
icles. It is important to bear in mind that this does not necessarily 
imply a positive, specific reaction, since this phenomenon may 
also appear in cases where subsequent careful control tests with 
tuberculin yield negative results. The same typical efflorescences 
may .be seen around a control scratch made without use of tu- 
berculin. Sometimes a large bulla is found around the Pirquet. 
scrath, and I have also seen bleeding therein in case of a tuberculin- 
negative patient vdth hemorrhagic E. m. Sure conclusions can in 
such cases be drawn from the tuberculin test only aftet the erup- 
tion has disappeared. 

On rare occasions we find in patients vdth E. m. a generally in- 
creased cutaneous sensitivity, which finds expression in positive 
reaction to a number of specific and unspecific products, as Owren, 
for example, has shown in a case from Medical Dept. A of the 
Eikshospital. Such cases seem to represent exceptions. Eotnes in 
several of his cases made investigations as to the reaction to 
NaCl, milk, broth, serum, staphylococcal and streptococcal emul- 
sions, trichophytin, and found no general increase in cutaneous 
sensitivity. Likewise Lofgren’s results indicate that in the great 
majority of cases the reactions to tuberculin or to streptococcal 
emulsion are specific, and I have come to the same result in a 
large number of cases. Great cutaneous sensitivity is stated to be 
characteristic of Behcet's syndrome. According to T. Jensen,, 
however, the sensitivity here differs somewhat from that mentioned 
above, seeing that there comes a pustule 24 hours after puncture 
with a needle in skin or mucous membrane, while no reaction is 
obtained by scarification of the epidermis. H. Eygh found no pro- 
nounced cutaneous sensitivity in his case of Behcet’s syndrome. 



236 


HANS JACOB OSTVEDT. 


to recurrence. I shall revert to this matter when discussing the 
etiology in its entirety. 


Summary. 

Tuberculin tests are performed in 184 of 202 patients with 
erythema multiforme. 72 % showed positive reaction. In the cases 
with affections of the mucous membranes 52 % showed positive 
reaction, against 62 % in the cases with pure E. multiforme, and 
98 % in the cases with combined E. multiforme and E. nodosum. 

Signs of probable tuberculous primary infection were found 
in 23 cases of 202, signs of possible primary infection in 12 cases. 
In the group with affections of the mucous membranes no case 
of probable and only 3 cases of possible primary infection were 
found, i. c. 4 %. In pureE. multiforme 9 %, and in the combined 
group 47 % (26 of 55 cases) shorvcd signs of probable or possible 
primary infection. Certain details concerning the relation between 
tuberculosis and E. multiformc and the behaviour of the tuberculin 
reaction in E. multiforme are discussed. 

Tuberculosis seems to be an important etiological factor in E. 
multiforme combined with E. nodosum, and plays a certain role 
in pure E. multiforme without symptoms from the mucous mem- 
branes, but seems to be without importance in cases with affec- 
tions of the mucous membranes, except in cases with episcleritis. 
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Oil tlie Artificial Kidney III 

Tcclmical and Mctliodological rroblcnis. 

By 

NILS ALWALL and LEBIBIT NORVIIT 
with the collaboration of 
A. M. STEENS. 

(Submitted for publication October 20, 1017.) 


Earlier papers of this series gave an account of (a) the principle and 
the constructional details of the apparatus for the dialysis of the blood 
(A. 19-17) and (b) the results concerning the cffcctivitv of the apparatus 
in dialyzing the blood in vitro and in vivo (A. and N. 1917), 

In. the follotving some technical and nrethodological details 
of general interest for dialysis treatment are reported. 

Tlie Aiip.ir.itii.s. 

The apparatus consists of two cylinders of wire netting around 
which is wound cellophane casing enclosed b}’ mantles of wire 
netting. The cylinders are totally submerged in a glass container 
filled vdth a salt solution. A lid prevents evaporation and at the 
same time permits the saturation of the solution with a suitable 
gaseous mixture. A motor driven propeller stirs the solution con- 
tinuously. 

The Gellopliane Casing: After trying various makes we found 
the cellophane casing supplied by The Visking Corporation, 
Chicago (Visking Casing 27/32”) to be the most suitable. This 
casing is of uniform width, it is flexible and practically non- 
stretcbable; it is impermeable to plasma proteins. 

This casing is generally delivered in large rolls. This sort of packing, 
however, seems to favour breakage of the casing owing to a slipping 
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of the convolutions. Time and material can thus he wasted before it is 
possible to find a flawless piece 5 — G metres long, i. c. the length nec- 
essary for each cylinder. The Visiting Corporation has now, at our 
request, supplied the cellophane ca.sing in smaller, flanged reels. It 
seems that the abo ve inconvenience is thereby now practically elimin- 
ated. 

The moimthig of (he Cellophane casing: Blood enters and leaves 
the casing via glass tubes. A piece of thick, soft rubber tubing 
is threaded on the glass tubes at the points of connection. The 
moistened casing is fastened to the glass tube and the intermediate 
rubber tubing by means of .several moistened silk or cotton threads 
that are most carefullj’ wound tightly round the tubing. 

Test of (he (igh ihess of (he casing: AVhen the cylinder has been 
mounted with the casing and the network mantle, the casing is 
tested for air-tightness by inflation to artery pressure. Curing 
this test the cyli nder is kept submerged in water. 

After sterilization in an autoclave the warm cylinder must be sub- 
merged in a liquid immediately, because the casing will otherwise 
dry rrp quickly and can break. 

if the apparatus is not used immediately after sterilization, we gener- 
ally replace the casing with a new one. 

Before using the apparatus, the casing is again tested intho 
following manner. The casing is rinsed rvith a sterile salt solution 
to expel the air. It is then filled to arterial pres.surc with a salt 
solution. If the pressure remains constant, i. e., the liquid does 
not escape from the tubing at this irrcssure, the apparatus is 
ready for use (Fig. 1, IV). 

Proteiir will not escape from a flawless casing. The salt solution 
will thus give c. g., a negative sulphosalicylic acid reaction, when 
dialyzing blood in vivo. If there is any protein in the salt solu- 
tion, the motor driven propeller will cause it to froth. 

Expulsion of air from (he cellophane casing: There is of course 
an air-clot-catcher coupled between the apparatus and the patient, 
but it is desirable that the casing be as void of air as possible 
inter alia because air decreases the dialytic area. The following 
technique, illustrated in Fig. 1, is used to expel the air from the 
casing. The casing of the assembled apparatus is connected to a 
bottle with an air pump. From the bottle sterile salt solution is 
pumped through the cellophane casing (Fig. 1, I). This drives 
out the greater part of the air from the casing. The salt solution 
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Filjlirc. /I. Kxfwlfion of oir /com the sterile, cellopluinc aisiixj: [. From tlio l>ot(lo 
storilo fiiill. Holution in iniinjicd tlirouf'Ii llui ocHojilmiiP ciiMiiig. If. TJjo h« 1(, Holiitioii 
flown from tho iippriraliiti llirough a glasn liibo about 1 molar high, ITT. 'Ilinaalt 
solution flown off tbrougii a low'or glnns tuba. 

n. Test of tho tightness of the. sterile casing: TV, 'JTio oasing in fillofi (o nrtorinl 
pronnuro with a nforilo salt solution, if tho pronsuro romainn oonnlant, f. e,, tho 
rujiiid (loon not oscnjto from tlio tubing at thin jin-nnure, tlio casing is tight, 

is T,]icn nllowod io flow ftntin 1,l»c nppnrnins tlirouolv u gliiss l.nbc 
about. 1 inot.cr liigli I, II). After a wliile, wliou t.lic ])rosHUrc 
drops again owing to t.h(5 fjtct. t.bat. t.bo .stdl. .solut.iou is allowed 
to flow off through a lowcw glass t.uho, t.he, sudden decrettso in 
pressure, will force out. the air (Fig. 1, ] IT). Such ohange.s in ])ros- 
sure are re])eat.ed a few t.iines. 

Afterwards the current, of the fluid is reversed l)y couplitig t he 
bottle wif.li tlic pump to tlio other connect ion tube of t he ccllo- 
plianc casing, Tho above mentioned process with (jhanges of 
pressure is repeated a few times. Tn this numner practically all 
tho air is exjiclled. A small quantit)'- of air may remain in the 
casing without following tho flow of blood during trcat.mcnt. 

T/ie vekvorh vtavlle is in ju’incijde a now and inqiortant eon- 
structiojial detail. The casing is compr(!,ssod bet.ween the network 
of t.he mantle and the cylinder so that t.he blood is continuall)'’ 
si)rcad in a tliin layer along the wliole of t.lie easing, whose content 
is thus small and indcjicndcnt of the ju’cssure e.vercisod by the 
blood. 

As it niight be difficult for ine.xporienced hands to fit the mantle onto 
the cylinder without damaging tho casing, we have t.ricd to find a softer 
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material than wire netting, but owing perhaps to the present difficulties 
in getting materials we have so far been unsnccessful. Ordinary gauze 
for instance, decreases the rate of dialysis — as expected — and can 
easily cause a local compression of the casing with a consequential 
disturbance of the flow of the blood. 

Stirring of the salt solution. The salt solution is stirred by means 
of a motor driven propeller. The number of r. p. m. for a maximal 
dialysis must of course be determined separately for each appara- 
tus, e. gr., in tests with urea (the authors, 1947). A gramophone 
motor, which is both cheap and silent, is powerful enough to stir 
a salt solution in our apparatus with a capacity of about 25 
litres salt solution and intended for homo. 

Renetcal of salt solution: A thick pipe extends almost to the 
bottom, of the glass jar of the apparatus. To this pipe is connected 
a thick rubber tube whose free end is deeply submerged in an 
outlet tube. Tlie glass jar can be emptied in a couple of 
minutes. In an adjacent laboratory there is a container for the 
fresh salt solution that is maintained at a suitable temperature. 
From this container the solution is conducted through a pipe in 
the wall to the apparatus. 

When treating uremia we generally change the salt solution 
roughly every two hours. By this time the non-protein nitrogen 
in the solution has as a rule risen to at most 1/10 — 1/5 of its con- 
centration in the blood flowing to tlie apparatus. We thus main- 
tain a great difference between tbe concentration inside and 
outside the casing, which favours the rate of dialysis. 

Dialytio area: In our apparatus the total dialjdic area of the 
two cylinders is about 6,500 cm- "witb a casing length of 10-— 11 
metres. This size is suitable for a flow of about 8 — 10 litres of 
blood, which is probably tbe greatest quantity that can be drawn 
from the arteiia radialis nnder these conditions. As mentioned 
in an earlier publication by the present authors (1947) an apparatus 
of this capacity gives a satisfactory dialytic effect; it is sufficient 
substantially to remove any uremia within 2i hours’ treatment. 

Of our experimental results obtained wdth smaller dialytic 
areas, those will now be mentioned where the surface was re- 
duced to about 55 — 60 % of that of tbe above, i. c. approx. 
6 6.5 metres of casing (Fig. 2 — 3). The yield is expressed as a 
percentage of that obtained in earlier tests with a 10 — 11 metres 
casing and with corresponding rates of flow of 500 mg % urea 
solution (the present authors 1947). 
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Figure 2, Apparatus for homo, 0 — 6.5 m cclloplinno casing. The urea con- 
centration in the liquid M'hieh was conveyed to the casing rvas 500 nig%. TJio 
figure shows the separate observations of the urea concentration in tlio liquid 
uliich leaves the ca.sing. Ihe x-axlc gives the flow speed of the urea solution im.ssing 
through the casing in litres per hour and tho y-nxlo rofcr.s to the urea concentration 
in the .solution which leaves the casing. 


Tb.u.s we have found that with lower rates of flow the diali^tic 
effect is little lower wlien using the shorter casing. With liigher 
rates of flow, with those practicable for the dialj'tic treatment 
of homo, the dialj-tic effect docs not fall in proportion to the 
decrease in the area of the dialytic surface. Thus it may be possible 
to obtain about the same dialytic effect by using only the big 
cylinder (6—6.5 metres of casing) and by corresponding proloima! 
tion of the time of dialysis. 


The Salt Solution. 

When carrying out_ dialytic treatment Kolff, 1916, first used Dar- 
wws interstitial soluW^^ O.ca NaCl, 0.25 o/ and O.ois o/ 

JYUl. Ijatcr J\olff nsorl n ... /o 


mon .ovm. r f T ; T® modifications of com- 
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In Kolff’s apparatus, the big cylinder, around -which the casing is 
wound, rotates above the surface of the solution, except for the lower 
part of the cylinder, which is submerged in the salt solution with which 
the container is filled. It is therefore impossible to regulate the H-ion 



3. Apparatus for homo, 500 mg% urea solution. Some 11 or 6 — 0.5 m 
cellophane casing respectively. The figure show.s (a) Tlio peroontnge amount of 
the supplied urea (y-axle) which is dialysed away at different flow speeds (x-axle) 
1 length of about 11 metres (quoted from Alwall and Norviit, 1947) 

and 0—6.5 m respectively, (b) The yield obtained vith 6 — 6.5 m of casing 
expressed as a percentage of that obtained with about 11 metres casing and 
with corresponding rates of flow. 
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concentration of the solution by means of sodium bicarbonate -f- CO„. 
There is a considerable evaporation from the surface of the solution,, 
■whoso temperature is about 40° C. The loss of water incurred b)^ this 
evaporation must be replaced now and then. This means that the 
concentration of the solution cannot be adjusted with desirable accuracy. 
Moreover, a certain amount of the solution is splashed out by the rota- 
tion of the cylinder. As the conditions under which dialysis is performed 
do not permit calcium to be maintained in a dissolved state in the salt 
solution, Kolff gives his patients calcium intravenously during dialytic 
treatment. 

The present apparatus is furnished with a lid, which practic- 
ally prevents evaporation — less than 1 per cent loss of w'atcr for 
a five horns’ dialysis wdthout a change of the saline solution — 
and permits pH regulation by means of COo — ^l)icarbonate. 

We have found the following comjrosition suitable for the salt 
solution: 0.65 % NaCl, 0.02.5 % CaCh, 0.025 % IvCl, 0.015 % 
NaHoPO.!, 0.01 % MgCL, 0.2.S % HallCOs and 0.1 % glucose 
iu distilled wmter. During dialysis 6.5 % COj in Oj is bubbled 
through the salt solution. The temperature is maintained at 
about 38° C. 

First the other salts are dissolved and then the bicarbonate. 
When the salts have been dissolved and the solution saturated 
with the al)ove mentioned gaseous mixture, CaCL is added. In 
this manner there are no difficulties in keeping the calcium 
dissolved. 

Also in cases of prolonged dialysis of blood against this solution, 
which were carried out in vivo in a large number of ex2)erimeiits 
on .animals and in vitro, no alteration of practical importance 
in the composition of normal serum could bo observed. 


Fliiid Balance Blood — Salt Solution. 

If blood is present inside the casing and .salt solution outside, 
the blood Avill be diluted by osmotic wmter attraction. 

Kolff tries to coimteract the colloidal osmotic pressure of the blood 
by giving the salt solution a high glucose concentration. 

In earlier experiments on the dialysis of the blood in vivo, 
it seems as if no attention was paid to the fluid-b.alance, possibly 
because the capacity of the dialyzers of those days was so small 
that this problem did not arise. 
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was a case of Boeck s sarcoid. I have not found any record of 
the occurrence of E. luultifornie in connection with that disease. 
Otherwise I may refer to another publication on this subject 
(Lstvedt; Further Observations concerning Bilateral Hilar Ad- 
enitis). 

Thus we find tliat E. multiforme in the cases where tender 
nodules on tlie legs are to be found at the same time can probably 
be placed on a line with E. nodosum with respect to the importance 
oi tuberculos primary infection as etiological factor. Further it is 
clear rhac also the unmixed E. multiformc without such E. nodosum 
effloresc cnees is sometimes, although far more seldom, duo to 
tuberculous priniary infection. On the other hand, it is doubtful 
wlictlu.u' tuberculosis plays any part whatever as causal factor in 
cases with m.anifestations from mucous membranes. An exception 
is here representeil by ihc cases loith episcleritis, which seem to 
stand in the same position as cases of combined E. m. and E. n. 
Where the e.vanthoma is of bullous type the possibility of tuber- 
culous etiology is evidently very small. 

In this connection 1 may call to mind the difference which in 
the inrroiluctory description of the clinical picture was .showni to 
exist between Kthe mucous membrane group>> and »the combina- 
tion group) (E. m. -r E. n.). In the former group there was a 
certain preponderance of male patients, while in the latter 95 
per cent were females, as in pure E. nodosum. The tendency to 
rccmrenco is mainly to be seen in the first group. On the other 
hand, the cases with combined E. m. and E. ji. far more frequently 
presented prodromes in the form of dysphagia and joint-pains, 
such as are also seen in E. nodosum. Likewise the high values 
found for the sedimentation rate were to a certain degree charac- 
teristic of this group. 

As regards the pure E. multiforme without mucous membrane 
.symptoms and without E. nodosum efflorescences, which seems 
in every respect to occupy an intermediate position between the 
other two groups, it is not unreasonable to suppose that we have 
here to do partly with cases that are of the same kind as the 
combination cases, which is evidenced by, inter alia, their associ- 
ation with tuberculous primary infection, partly with cases of the 
.same nature as the mucous membrane cases, as is indicated by, 
for instance, the appearance of bullous e.xanthema and tendency 

lij — tS2n 'i. Acta vied, .scaudinav. Yol. CXXXl . 
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The fluid balance between the blood in the cellophane casing'- 
and the solution outside it may be obtained in two different 
ways: a) by adding cpiantitics of a suitable colloid to the salt 
solution until its colloidal osmotic pressiue is equal to that of the 
blood, b) by compensating the colloidal osmotic pressure of tlie 
blood by correspondiug hydrostatic pressure. 

1. Colloids. 

When a colloid is added to the salt solution for dialyzing blootl 
in vivo, the colloid is not administered intravenously, it is true, 
but the contact is indirect via the cellophane membrane. How- 
ever, large quantities of blood come into such indirect contact 
with largo quantities of salt solution (when treating homo, about 
100 — 200 litres of blood to 200 — 250 litres of salt solution per 
uninterrupted treatment). Such colloids as are available in the open 
market and can bo regarded as applicable for this purpose arc, 
however, not uniform but contain molecules of different sizes. 
They ought therefore not to bo used for the dialytic treatment 
of human beings before they have been most carefully tested on 
animals and, if necessary, cleansed of low-molecular compounds 
that might pass through the membrane, exercise a toxic offoob 
on, or remain deposited in the organism of the individual under- 
going treatment. 

Besides the above disadvantages there are others that will bo 
dealt with in the following. 

In this respect our studies are confined to the dialysis of blood 
against colloidal salt solutions in vitro and to a liitnted extent 
to experiments on rabbits. We have tried gummi arahicum 
(acacia) and amylum soluhile.^ As was only to be expected, wo 
had no difficulties iu maintaining the fluid balance between the 
blood and the salt solution -{- colloid. The following experiences 
are however worthy of mention: a) These substances contain 
cristalloids of varying or non-physiological concentration; our 
preparation of gummi arahicum contained large quantities of 
calcium and amylum solubile, large quantities of phosphorus, 
b) The strong formation of froth made it difficult to control the 
pH value of the salt solution by means of sodium bicarbonate-j-COi. 

1 By the courtesy of tlic Research Laboratory L. K. B. {polvvinyl-alcohol) 
and A/B Ferrosan f amylum solubile) who placed preparations at cur dispoa.U 
free of eharge. it w.is possible for us to carry out this ])arfc of our rc.-icarch wor >. 
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Table 1. 

The influence of Ihe hydrnstat>c preisure on the liquid balance between 
heparinized animal plasma in the cellophane casing and the surrounding 
sail sohdion during G hours' dialysis. 


j 

Hydrostatic pressure 
ciQ water 

1 

Plasma protein concentration in 
per cent 

before dialysis 

change after 
dialysis. 

5 

6.SG 

— 0.70 

' 5 

G.40 

— 0.4 0 

10 

7.55 

— 0.45 



— 0.35 

, 20 

7.72 

— 0..50 

I 

6.G0 

— 0.25 

, 30 

.8.06 

— - 0.55 

30 

6.40 

± 0 

! 3.5 

7..'i0 

i 0 


6.SG 

±0 

1 45 

7.20 

+ O.io 

1 47 

6.70 

-n 0 

48 

6.75 

+ 0.20 

■ 55 

7.35 

+ 0.36 


In vivo conditions are more complicated. The pressure exercised 
by the blood on the cellophane casing during its passage through 
the apparatus and other factors change in an elusive manner. 
On the vhole hovever, the experiences illustrated in Table 1 may 
be utilized. 

When experimenting on rabbits we place the apparatus on a 
lower level than that of the animal, generally so that the surface 
of the solution lies about 15 cm below the height of the heart. 
The blood is allowed to flow freely from an artery to the apparatus 
and back again into a vein. The weight of the animal is registered 
during the treatment. If necessary the difference between the 
level of the rabbit and that of the apparatus may be adjusted. 

When dialyzing homo we have determined possible differences 
in liquid balance by measuring the changes in volume of the salt 
solution in the apparatus. We have so far not had any possibility 
of checking the weight of a bed patient during treatment. The 
construction of the bed is such as to allow necessary' alterations 
of the level of the patient in order to adjust the liquid balance 
in a suitable manner. 

On account of its constrxiction Kolff’s apparatus does not permit 
the utilization of hydrostatic pressure for controlling the fluid balance, 
a problem which, by the wa)’, has not been mentioned by Kolff. 
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Hemolysis. 

Dialybic treatmeut entails the passage of lelativelj large 
quantities of blood through the apparatus. The total quantity of 
a patient’s blood can be passed through the apparatus about 
tu'ice per hour. It is therefore of importance that the apparatus 
be constructed in a manner that will eliminate hemolyzing factors. 

Kolff has a hemolysis problem that he tried to solve by adding 
1.5 % glucose to the salt solution. However, K. later found that one 
considerable hemolyzing factor was too rapid a rotation of the cylinder. 
This rate was therefore reduced to 25 r. p. m. in spite of the fact that a 
greater speed seems to be necessary for a max. diah*tic effect. Turther- 
more Kolff asserts that hemolysis can occur if the blood remains too 
long in the apparatus. 

It would seem as if many mechanical factors in Kolff’s apparatus 
might cause hemolysis; The blood has to pass two rotating coup- 
lings, the rotating cylinder, and the Beck tube pump. The length 
of the tube is no less than 40 — 45 metres. 

"Wlien we began our experiments on animals we occasionally 
observed hemolysis when dialyzing. In %dew of this fact we made 
a systematic study of possible hemolyzing factors that might 
be present under the conditions of our animals experiments. 

A Bed: tube fimp was first used as a volumeter and flow control. 
The pump was coupled between the artery and apparatus. It would 
seem as if the pump may, especially if the rubber tubing is of poor, 
war-time quality, cause hemolysis. 

The pump has also another drawback: If the rate of inflow of the 
blood should for some reason or other be insufficient, the pump can 
damage the blood vessel. 

A drofyer coimected to the circulation was for some time used as a 
volumeter. This can lead to hemolysis, especially if the fall of the drops 
is too great. 

Vigorous stirring of the salt solution, several times greater than is 
necessary for max. effect of dial)'sis, will not cause hemolysis unless 
the apparatus is without a network mantle and the cellophane casing 
furthermore contains much air. 

Variation of temferalure is of no importance. Blood can be cooled on 
its way from the experimental animal to the dialysis apparatus where 
it can be heated up to at least 43° C and finally cooled down on its 
way back to the animal without incurring hemolysis. 

The composition of the salt solution may be modified within physiolog- 
ical limits without the occurrence of hemolysis during experimental 
dialysis. Thus, no increase in the glucose content of the salt solution is 
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iiccesjary for tlic prevention of hemolysis. Experience sliorved that it 
v:c.<i also possible to add the above mentioned colloids to the solution 
v.'itbout the appearance of hemolysis. 

Kotvadays we connect the apparatus direct to the artery. The 
arterial pressure forces the blood as quickly as possible through 
ihe relatively short casing and back to the vein. In this smooth- 
walled, closed system it is not necessary for the blood to pass 
any rotating couplings, rotating cjdinder or rotating Beck pump. 

Thus )vc have, no hemolysis 'problem. 


Determination of the Bate of Flow of the Blood. 

We have described above some of our experiences of the follow- 
ing met.hods for determination and regulation of the rate of flow 
of the blood throitgh the apparatus; 1) Beck pump, 2) Dropper 
and 3) a volumeter-valve of the kind described by one of us 
(A. 1947). By and by we learned that -when carrying out experi- 
ments on animals, it was possible without risk to let the blood 
flow freely from the arteria carotis, through the apparatus and 
back to the vena jugularis. This method was afterwards applied 
on human Ireings where the blood is drawn from the arteria 
radialis. In this manner we obtain the advantage of a simplified 
dialysis technique. 

For many reasons however, a certain knowledge of the rate 
of flow of the blood through the apparatus is desirable. 

Fischer and Porter and Co., manufacture for industrial purposes a 
volumeter whose capacity might be suitable for the continual determina- 
tion of the flow of IdIoocI through the apparatus during dialysis. Owing 
to financial reasons, however, we have not yet been able to try this 
volumeter. A venturimetcr reduces the rate of flow and is not simple 
to handle. 

Wc have been using the following methods for determination 
of the rate of flow of the blood through the apparatus: 

(1) The blood leaving the apparatus is made to flow for some 
minutes — against a pressure corresponding to the venous 
resistance — into a graduated glass. 

(2) A clamp or clip is fixed to the rubber tube through which 
the blood flows from the artery and the circulation is interrupted. 
Distal!}- to the clip a suitable quantity of salt or glucose solution 
is injected through the rubber tube, which consequently forces 
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the blood from the celloiiliane casing to the vein and gives a colour- 
less stretch. When the connection to the artery is again opened, 
the blood forces the colourless solution through the apparatus 
without any substantial intermixture (blood -f- solution) taking 
place. The time is taken from the moment the clip on the rubber 
tube by the artery is opened until the moment when the solution 
has passed and pure blood again begins to flow from the apparatus 
to the vein. With the knowledge of the volume of the cellophane 
casing, it is thus possible to estimate the rate of flow of blood 
through the apparatus. 

(3) The whole stream of blood from the artery is conducted via 
a side-tube into an empty glass bottle. Thereby the air content 
of the bottle is expelled and ixassed into another glass bottle 
filled with blood. The air forces this blood on to the apparatus. 
As soon as the first bottle is almost full of blood and conscqvrently 
the second bottle almost emptied, the connection between the 
bottles is cut off and the blood again allowed to flow from the 
artery direct to the apparatus. 

As the bottles are graduated it is possible to read the rate of 
flow to or from them. 

For the next determination, the order of the bottles can be 
reversed so that a new filling of the bottle with blood prior to 
determination will not be necessary. 

(4) When experimenting on animals we generally obtain a rough 

conception of the rate of the flow of blood in the following manner: 
A mercury manometer is connected to the tube connecting the 
artery and the apparatus. When the connection to the apparatus 
is shut off distally to the manometer, the arterial pressure is 
registered. When the connection to the apparatus is oiiencd again, 
the pressure drops. When the rate of flow from the artery is suffi- 
cient there will be a considerable difference between the pressures 
thus registered. An increase in the resistance in the apparatus 
and decrease in the rate of flow reduces the above mentioned 
difference. * 


Siimniary. 

A report is given of our present solution of certain technical 
and methodological problems, which seem to be of fundamental 
importance and of practical interest for dialysis treatment. 
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Some points are explained b}’- means of brief accounts of tbe 
experimental studies, upon wbicli tlie present solution of the 
proldem is based, or brief mention of the difficulties encountered 
in this sort of work. 

The report refers to; 1) hlanipulation of the apparatus, 2) Com- 
position of the salt solution against which the blood is dialyzed, 
13) ^Maintaining of the fluid-balance blood-salt solution, 4) The 
jn-oblem of hemoly.sis, and finally 5) A few remarks on the tech- 
nicjue for determining the rate of flow of the blood through the 
apjiaratu.s. 
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RadioactiTc Iodine: Its use in Studying tlie 
Urinary Excretion of Iodine l)y Hiiinans in 
Yarions States of Thyroid Function. 

A Preliminary Rejtort. 

By 

BENGT SKA.NSE.' 

(Submitted for publication Sept. 5, ISIT.) 


In recent years the physicists have provided the physicians and 
biologists vdth a variety of new tools to be used in studying 
certain biological phenomena. One of the most important of these 
tools is the radioactive isotope technique. 

It was in the year of 1923 that Hevesy first employed the natural 
radioactive isotope of lead, Radium D, as a tracer substance to 
study the metabolism of lead in plant physiology. While Joliot 
and Curie (1934) introduced a method to produce artificial radio- 
active isotopes, Hevesy pioneered with tracer technique in biol- 
ogy and medicine. 

The fundamental basis for using radioactive elements as tracer 
substances is that these radioactive isotopes behave or at least 
should behave exactly in the same way as the inactive isotopes of 
the same element. As the chemical properties of an element are 
dependent upon the arrangement of the electrons around the 
atomic nucleus, and this arrangement is the same in radioactive 
as in inactive isotopes of the same element, we have very good 

1 Rockefeller Fellow 1946-1947. Henry P. Walcott Fellow in Medicine, Har- 
vard University 1947 — 1948. 

Acta mcd. scandinav. Vol. CXXXI. 
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120 liour period to excrete in tlie urine between 73.9 and 88.5 
percent of tbe administered radioactive iodine. Between 70.3 
and 87.2 percent of tbe administered dose was excreted during tbe 
first 48 hour period. Two cases having myxedema were observed 
to excrete 91.4 and 89.1 percent of tbe radioactive iodine in a 
period of 120 hours and 76.0 and 76.8 percent in a 48 hour period, 
thus indicating a slower than normal renal excretion of tbe iodine. 
They observed that three patients having non toxic goiters and 
five patients having toxic goiters excreted about the same amount 
of iodine as that excreted by the normal subjects. The observation 
that the five patients having toxic goiters excreted the same 
amount of iodine as did the normal subjects is somewhat sur- 
prising. However this might be explained on the basis of previous 
treatment with iodine (Lugol’s solution), which was stopped only 
12 to 24 hours before administration of the tracer iodine to four 
of the five patients. It is also quite possible th.at the large carrier 
dose, 14 milligrams of iodine, acted to decrease the uptake of 
labelled iodine. This explanation is supported by the observation 
that the one patient who had had uio pre\dous therapy with iodine 
when given 14 milligrams of iodine labelled with radioactive iodine 
excreted 82 percent of the tracer in a 48 hour period. The radio- 
active iodine excretion in feces was very small, ranging from 
0.06 to 2.82 percent, except in one case where the fecal excretion 
was 11.25 percent. This last finding may be due to a mixing of 
feces and urine. In one patient they measured the radioactivity 
directly over the th}T:oid gland by means of a gamma ray Geiger- 
Miiller counter. 

In a subsequent report Hamilton and Soley (1940) used this in 
vivo measurement technique to study patients with various types 
of goiters. In this study also they administered as large a dose of 
iodine as 14 milligrams. The radioactive iodine used to label this 
inert iodine was equivalent to 12 to 50 micrograms of radium 
element in equilibrium with its decay jn-oducts based on gamma 
ray measurements. The activity over the thyroid gland was meas- 
ured and plotted at frequent intervals for several days. They 
found characteristic curves for various thyroid disorders. The 
curves for normal patients rose quite rapidly and then levelled off 
to a plateau in about 48 hours. The typical curve for thyrotoxic 
patients rose still more rapidly to reach a peak in about 6 hours. 
The radioactivity over the thyroid at that time was much 
greater than that of the normal subjects. The activity then 
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decreased rapidly to about tbe same level as that observed in 
the normals. 

Hertz, Roberts and Salter (1942) studied the behavior of radio- 
active iodine in 22 cases of Graves’ disease and in 2 normal indi- 
viduals. The administered doses of iodine varied between 0.1 and 
325 milligrams. Urinary excretion was measured in 12 thyrotoxic 
patients. The exact periods of urine collection are not given but 
they seem to have varied between 48 hours and several days. 
Four patients who received iodine for several days prior to the 
administration of the tracer dose excreted 19, 50, 64 and 87 per- 
cent of the tracer iodine. The excretion of radioactive iodine 
observed in eight uniodinized cases varied widely between 10 and 
96 percent. These authors suggested that the wide variation in 
excretion of iodine was related to the rather large doses of carrier 
iodine used in some of these cases. With this thought in mind in a 
subsequent report Hertz and Roberts (1942) limited the amount of 
carrier iodine to less than 2 milligrams and observed a urinary ex- 
cretion over a 72 hour period in 6 classic cases of Graves’ disease 
to vary between 10 and 37 percent as opposed to an excretion of 
62 percent in one normal subject. 

Rawson, Evans, Means, Peacock, Lerman and Cortell (1944) 
studied the action of thiouracil upon the thyroid gland in Graves’ 
disease. As a control they gave a tracer dose of radioactive iodine 
(total iodine 160 micrograms as sodium iodide) to an untreated 
case of Graves’ disease and found that 13 percent of the dose was 
excreted in the urine during a five-day period. 

The quantity of iodine administered to patients has in earlier 
studies v^aried considerably and it has not only varied among 
different investigators but also in the same studies. It appears 
from the studies reported by Perkin, Brown aird Lang (1934) 
and Hertz, Roberts, hleans and Evans (1940) that the percentage 
of iodine collected by the thyroid varies inversely with the size 
of the dose. It seems quite likely then, that one would observe 
greater urinary excretion of iodine even in thyrotoxic patients 
when large doses of carrier iodine are given. As indicated above 
the minimal differences in the urinary excretion of radioactive 
iodine by normal subjects and by thyrotoxic patients observed 
by some investigators might well be explained by rather large 
amounts of carrier iodine administered with the tracers. 

The first objective of this study was to determine the total 
urinary excretion of radioactive iodine in a 48 hour period i« 
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various clinical states of tliyxoicl function when the quantity of 
administered iodine was kept comparatively small and constant. 
The second objective was to determine the rate of urinary excre- 
tion of iodine in similar subjects. The third objective was to study 
the possibility of using these studies as a means of diagnosing 
certain diseases of the thyroid. 

Methods. 

63 I 1 ” which means iodine with the atomic number of 53 and the 
mass of 131 was used entirely. This isotope of iodine has a half 
ife of 8 days and is therefore very convenient for biological ex- 
periments. It was supplied by Clinton laboratories Oak Eidge, 
Tenn., where it is produced in the chain reacting pile by the 
bombardment of metallic tellurium with slow neutrons according 
to the following nuclear reactions: 

,„Te>=>''-l-on"->«Te”*-|-y 

„Te»i -> + r 

The isotope was delivered as carrierfree iodide, which means that 
all the iodine atoms in the solution are radioactive. The solution 
was contaminated with very minute amounts of tellurium, oxalates 
and sulfates. In this study no attempt was made to make a separa- 
tion of the completely pure I^®h since the concentrations of the 
contaminants were too small to produce any biological effect. 
If not neutral on arrival the solution was neutralized with am- 
monia. 


Dose of Radioactivity. 

Some e.arlier investigators have given quite different amounts 
of radioactivity to various patients in the same stud)'^. It was 
felt safer to keep the amount of radioactivity constant. In de- 
ciding the dose of radioactivity to be administered one has to pay 
attention to the possibility of a radiation effect which can change 
the normal physiological processes. The dose used in this investi- 
gation has been 100 microcuries of E®'. This dose has been chosen 
mainly from a practical standpoint because it usually gives ac- 
tivity enough in the urine to make the urinary measurements 
quite simple. It is not known whether this dose will have any 
radiation effect over along period of time, but I have fairly good 
evidence that this dose at least does not effect the urinary excre- 
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tion of iodine during the 48 hours the urine is collected. In a number 
of cases I have had the opportunity to compare the urinary ex- 
cretion after a tracer dose with that after a therapeutic dose of 
The therapeutic dose has usually been about 100 times larger 
than the tracer dose. So far I have found very good agreement 
in the percentages excreted in the urine following tracer and thera- 
peutic doses of Details of this study will be reported in a 
later communication. We must bear in mind, however, that a dose 
of 100 microcuries of calculated on an uptake of 30 percent 
of the dose in the thyroid and assuming that this amount of radio- 
acti\dty stays there until it has decayed completely, will deliver 
a total dose of about 100 — 200 equivalent roentgens to the thyroid. 
Studies of possible radiation effects from these tracer doses are in 
progress by the author. 


Standardization. - 

The standardization' of has been done according to the 
methods used at the Eadioactivity Center of the Massachusetts 
Institute of Technology. It might be pointed out that the stan- 
dardization in absolute units of various radioactive isotopes is a 
difficult physical problem. The methods for and the problems 
involved in the standardization of various isotopes of iodine will 
be discussed in a later report. 

Oarrier. 

The quantity of sodium iodide acting as carrier for the, radio- 
active iodine has been kept constant at 100 micrograms in all 
tests. The amount that should be used to make the test as sensitive 
as possible is not yet known. Theoretically the smallest amount 
of carrier, i. e. carrierfree radioactive iodine might give the highest 
sensitivity. My reason for not using carrierfree has been that 
in some earlier experiments with carrierfree E®^ the author ob- 
served a loss of activity on the walls of beakers and other glass 
containers. 1 therefore feared that when giving carrierfree I'®^ 
to patients unexpected losses could occur which might interfere 
with the results. 

Procedure of the Radioactive Iodine Excretion Test. 

The tracer dose of 100 microcuries of E®® with 100 micrograms 
of inert iodine (sodium iodide) as a carrier, was made up to 100 



HAPIOACTIVB IODINE. 


257 


ml. One ml "vvas taken off as a standard. The dose was given 
orally, usually in the morning before breakfast. Urine was collected 
in cither of the following ways: • 

1. In one series of patients for 48 hours in two 24 hour specimen 
following the administration of the radioactive iodine. 

2. In another scries of patients for 48 hours in four specimens: 
0_G hours, 6 — 12 hours, 12 — 24 hours and 24 — ‘IS hours. 

Instructions were carefully given to the patients concerning 
the collection of urine. If there was any doubt regarding the 
completeness of the urine collection, the test was discarded. The 
urine was collected in glass bottles and the urinary volumes were 
carefully measured. 

3Icasurcme)i{s of the liadioactivitij, 

0.20 ml of silver nitrate (1 mg Ag per ml) was placed on a silvered 
copper planchcttc. Trom each specimen of urine 0.2 ml was 
pipetted by means of sugar pipettes and mixed with the silver 
nitrate to get a precipitation of silver iodide. The samples were 
evaporated to dryness by lamp heaters. The samples were then 
measured with the common type of beta-ray Geigcr-j\Iiillcr counting 
tubes and the equipment used for measurement of radioactivity 
at the lilassachusctts Institute of Technology. All measurements 
were done in duplicate. To get the percentage amount of radio- 
active iodine excreted in the urine the same procedure and meas- 
urements were made on the 1 ml aliquot taken from the tracer 
dose before the tracer dose was given. The accuracy of the method 
which is quite good, and the sources of error involved, will be 
discussed in a later publication. 

Material. 

Three groups of patients arc included in this report. Group 1 
comin'iscs 25 cases of untreated thyrotoxicosis. None of these 
patients received iodine prior to the test. No selection of patients 
was made. They were taken as they appeared in the clinic. In none 
of the cases reported in this paper was there any doubt about the 
diagnosis, which was proved by the clinical and pathological 
findings as well as by their responses to treatment. Group 2 in- 
cludes 6 patients with myxedema. All were classical cases in whom 
the diagnosis was well established. Group 3 consists of 15 euthyroid 
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Thyroid Status, Metabolic Bate and Badioactive Iodine 
Excretion Data: Thyrotoxicosis. 


Cnse 

num- 

hor 

Size Mid type 
of goiter 

Basal 

metabolic 

rate 

Urinary excretion of radioactive 
iodine in percent 

0 — 24 hrs 

24 — 48 hrs 

Total in 
48 hrs 

1 

1V-.X normal. 

diffuse 

+47 

12.1 

1.5 

13.0 

2 

5x 

)> 

» 

4-44 

5.5 

0.9 

6.4 

3 

2'/.x 

i) 

)> 

+58 

5.8 

0.4 

6.2 

4 

lx 

& 

I) 

+21 

21.8 

0.8 ■ 

22.0 

5 

3-4 X 

» 

& 

+26 

13.3 

2.0 

15.3 

6 

IVs— 

» 

» 

-f-3l 

26.0 

0.0 

26.0 

7 

2— 3x 

» 

i) 

+66 

15.1 

0.7 

15.8 

8 

1— IVsX 

)) 

nodular 

+49 

21.9 

2.5 

24.4 

9 

2x 

J> 

diffuse 

+34 

13.5 

3.2 

16.7 

10 

3— 4x 

J) 

» 

+57 

6.4 

0.8 

7.2 

11 

2-3 X 

)> 

nodular 

4-20 

23.3 

O.G 

23.9 

12 

l’/»x 

)> 

diffuse 

4-59 

20.3 

1.9 

22.2 

13 

lx 

» 

» 

+30 

10.3 

0.8 

11.1 

14 

2x 


» 

4~54 

17.0 

0.7 

18.3 

15 

2*/.x 

)) 


4-50 

14.0 

3.1 

17,1 

16 

2‘/.x 


nodular 

+37 

29.G 

2.7 

32.3 

17 

lx 

» 

diffuse 

+21 

30.8 

1.4 

32.2 

18 

2x 

& 

» 

+34 

23.0 

1.9 

24.9 

19 

IVa 

» 

ft 

+50 

13.0 

2.7 

15.7 

20 

2x 

» 

ft 

+55 

22.7 

2.0 

25.3 

21 

2x 

)) 

ft 

+21 

8.3 

1.2 

9.5 

22 

27- X 

I) 

» 

+29 

26.3 

1.4 

27.7 

. 23 

27, X 

)) 

ft 

+18 

21.7 

3.3 

25.0 

24 

3x 

)) 

ft 

+48 

20.5 

2.8 

23.3 

25 

2x 

J> 

ft 

4-46 

13.4 

3.4 

16.8 


(non-tliyrotoxic) patients. These were patients having various 
non-metabolic diseases where it was reasonable to assume a normal 
thyroid function. This group of 15 patients was used as control 
material. 


Results. 

Table 1 presents the type and size of goiter, the basal metabolic 
rate, and the urinary excretion data for the 26 cases of thyrotoxi- 
cosis. The mean excretion of in 48 hours is 19.2 percent with 
variations between 6.2 percent and 32.3 percent. Table 2 and 3 
give the basal metabolic rates and urinary excretion data for the 
6 cases of myxedema and the 16 euthyroid subjects. The excretion 
in the myxedematous patients varied between 72.4 percent and 
91.7 percent. The mean excretion for the controls was 66.6 percent 
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Basal Metabolic Rate and Radioctive Iodine 
Excretion Data: Myxedema. 


Case 

number 

Bnsnl motn- 
bolic rate 

Urinary excretion of radioactive j 

iodine in percent | 

0 — 2*1 hrs 

24—48 hrs 

Total in 48 ! 

lira i 

1 

2G 

— 30 

Gl.O 

21 .8 

82.8 

27 

— 2G 

GG.o 

20.2 

8G.S 

28 

-4-1 

65.0 

24.3 

89.3 

29 

— 31 

59.2 

16.3 

75.r. 

30 

— 42 

,57.2 

15.2 

72.-1 

31 

— 3G 

76.0 

15. 1 

91.7 , ! 


Tn1)lc n. 

Basal Metabolic Rate and Radioactive Iodine 
Excretion Data: Euthyroid Subjects. 


Case 

number 

Basal 

metabolic 

rate 

Urinarj* c.xcrction of radioactive 
iodine in percent 

0—24 hra 

24—48 hrs 

Total in 48 
hrs 

32 

— 1 

60.2 

7.9 

G8,l 

.33 

— 4 

67,7 

3.0 

70.7 

34 

2 

54.5 

lO.-i 

G4.n 

35 

-7 

55,7 

1.8 

57.0 

3G 

+ 3 

61.7 

1.0 

63.3 

37 

4 - 6 

.56.0 

1.8 

57.8 

38 

+ G 

48.3 

4.-1 

.52.7 

39 

-9 

.56.0 

12.4 

69.0 

40 

+ 11 

69.3 

14.8 

8-i.r 

41 

— 

.57.8 

.3.0 

GI.7 

42 

— 

69.3 

6.8 

7G.1 

43 

— 3 

64.7 

8.0 

72.7 

44 

— 

71.5 

6.2 

77.7 

4:> 

— 

.52.7 

7.3 

60.0 

4G 

— 

58.2 

3.8 

62.0 


with the range of D2.7 percent to 84.1 percent. Fig. 1 presents a 

diagram of the 48 hour urinary excretion in these three crouns 
studied. 


Discussion. 

The urinary excretion of radioactive iodine in this group of 
thyrotoxic patients is considerably less than in the group of 
euthyroid subjects. The variation in the control group seems 
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somewhat disturbing but is probably not greater than can be 
expected in any biological test like this. The variation in the 
thyrotoxic group is not surprising since the severity of the disease 
as well as the size of the thyroid varies considerably. The basal 
metabolic rates ranged between plus 18 and plus 66 percent and 
the thyroid size as judged by palpation varied between normal 
and five times normal size. It may be pointed out, however, 
that so far no overlapping has been observed between the two 
groups. The highest excretion for a thyrotoxic patient is 32.2 
percent and the lowest for a euthyroid is 52.7 percent. There is, 
however, always a good possibility that such overlapping will he 
observed when more studies are done. 

In fig. 2 is plotted the urinary excretion versus the basal meta- 
bolic rate for the thyrotoxic group. There seems to be onl)’" a very 
small, if any, correlation between these two tests. This must he 
interpreted as indicating that the two tests do not measure the 
same function of the thyroid gland. The basal metabolic rate is 
by no means a specific test of thyroid function. It can be used, 
however, as au index of the organism’s response to thyroid hor- 
mone. Since the test with the radioactive iodine is a measurement 
of the thyroid gland’s avidity for iodine they do not necessarily 
run parallel. IVhich test has mote specific validity cannot be 
judged with the information available at the present time. The 
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PERCENTAGE OF TRACER EXCRETED IN URINE 

Fig. 2. Comparison between basal metabolic rate and radioactive iodine excretion 

in thyrotoxic patients, 

autlior has made observations in a few cases of early thjTcotoxicosis 
which may suggest that the increased avidity of the gland for 
iodine is an earlier appearing disturbance than the increase in 
basal metabolic rate. 

The 48 hour excretion of radioactive iodine in the 6 cases of 
myxedema falls very much in the same range as the controls. If 

one, however, divides the total 48 hour excretion in the 0 ^24 

hour period and the 24 — 48 hour period, greater differences are 
found (see fig. 3). The diagram demonstrates that in euth)U'oid 
subjects the excretion in the 24 — 48 hour period averages 6.3 
percent with the highest value 14.8 percent, whereas in patients 
having myxedema the lowest value is 15,2 percent. The number of 
cases is too small to permit drawing any definite conclusions. The 
figures indicate, however, as would be expected, that the urinary 
excretion is slower in myxedema than in euthyroid patients. 
This IS also supported by similar findings in two cases of myxedema 
studied by Hamilton and Soley (1939), 

These differences in the rates of excretion in euthyroidism and 
myxedema led me to investigate the possibility of demonstrating 
a dynamic difference between the hyperthyi'oid group and the 
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Q"0'24HRS {3«24-48HnS- 

f iK. 3. 0—24 bonrs and 24—48 bonrs urinary excretion of radioactive iodine in 
enthyroid and myxedcmatons patients. 

euciij'roid group by measuring tbe rate of excretion at shorter 
time intervals. Studies in which the urine was collected in 0 — 6, 
6 — 12, 12 — 24 and 24 — 48 hour specimens were done in 8 euthyroid 
subjects and in 10 thyrotoxic patients. The urinary excretion 
curves for these two groups are recorded graphically in fig. 4. 
The curves in both groups seem to be exponential. In the thyro- 
toxic group there is an initial phase of about 6 hours of relatively 
rapid excretion after which time the excretion becomes com- 
paratively slow. There is, however, some excretion going on during 
the entire 48 hours of observation. In the non-thyrotoxic group 
there is also from the beginning a rapid phase, probably more 
rapid than in the thyrotoxic group. Eurthermore, this rapid phase 
is going on for a longer period of time, about 12 — 24 hours, before 
the curve levels off. It is reasonable to assume that the striking 
differences in the urinary excretion curves in the two groups are 
due to the differences in avidity for iodine of the thyroid gland 
in these two clinical states. There are no reasons to believe that 
the real renal excretion rate should be slower in the thyrotoxic 
group, since no kidney damage has been demonstrated in these 
patients. It is possible that a mathematical and statistical analysis 
of the curves presented will be helpful. Such a study is in progress. 

The author is well aware that the urinary excretion of radio- 
active iodine is only an indirect measurement of thyroid function. 
However, there are good reasons to assume that practically all 
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of the radioactive iodine in a tracer dose is either collected by the 
th}T.'oid or excreted in the urine. The fecal excretion is very low 
as was first demonstrated by Hamilton and Soley (1939). By 
measuring the urinary excretion and the amount of radioactive 
iodine in the thjToidectomized gland after preparation with 
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tLiolu'acil Eawson et al. (1944) were able to account for 85 to 100 
percent of tbe administered radioactive iodine. Thus tbe reasons 
for foilo^Tiug the urinary excretion are very good, ruxthermore, 
the analysis for radioactivity in urine is technically a simple 
proeedm’e. 

A method of measuring radioactive iodine in the thyroid with 
in vivo methods would be a more direct approach to the study 
of iodine collection by the thyroid. Such studies were carried out 
by Hamilton and Soley (1940). Unfortunately the present methods 
for such measurements are very inaccurate. Attempts to improve 
this technique are in progress in this laboratory. 

The excretion of radioactive iodine, which, as indicated above, 
is believed to reflect the collection of iodine by the thyroid is 
influenced by a variety of factors. No doubt the functional state 
of the thyroid gland plays a very important role, in determining 
the results of such studies. The observation that the urinary ex- 
cretion of radioactive iodine by the 25 thyrotoxic patients reported 
in this study was considerably less than that excreted by euthyroid 
subjects would indicate that the thyroids of such patients, which 
are characteristically hyperplastic and lacking in iodine have a 
much greater avidity for iodine than the normal involuted thyroid. 
This thesis is supported by the observation of Keating, Eawson, 
Peacock and Evans (1945) w^ho observed that the thyroids of 
chicks made hyperplastic by previous treatment with thyrotropic 
hormone collected considerably more radioactive iodine than did 
their untreated controls. It should be pointed out, however, that 
Eawson et al. (1944) have demonstrated that the hyperplastic 
thyroids of thyrotoxicosis though lacking in iodine do under the 
influence of thiouracil collect very little radioactive iodine. This is 
no doubt due to one of the pharmacologic actions of thiouracil. 

From the earlier studies by Hamilton and Soley (1939, 1940) 
one might suspect that iodine in large doses interferes with the 
collection of tracer iodine through some of its pharmacological 
actions. They administered tracer amounts of radioactive iodine 
with as much as 14 milligrams of carrier iodine and observed no 
difference in the excretion of the labelled iodine by thyrotoxic 
patients as compared to normal subjects. Another explanation 
for their failure to demonstrate any difference between the two 
groups could also be made on the basis of a dilution of the tracer 
with the larger doses of inactive iodine. This thesis is supported 
by the observations of Hertz, Eoberts, Means and Evans (1940) 
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that the percentage uptake of radioactive iodine by the thyroids 
of rabbits varied inversely with the dose of carrier iodine. 

It might be pointed out that in general a tracer is supposed to 
label a specific quantity of an element or a substance and in this 
way make it recognizable from -other material. In biological 
studies tracers may be used in labelling naturally occurring sub- 
stances without increasing the amount of that substance above a 
physiological level. To be more specific as soon as an administered 
mixture of radioactive and carrier iodide reaches the blood it is 
mixed with the iodide already circulating in the plasma. Thus the 
tracer iodine acts to label the entire circulating iodide of the 
blood and will measure the percentage quantity of the total 
circulating blood iodide which is collected by the thyroid or 
exereted by the kidney. The amount of normal circulating iodide 
in the plasma is of , the .magnitude of 1 — 2 micrograms per 100 ml. 

What quantity of iodine should then be administered? The 
8 day isotope of iodine which has been used in this stud}’’ is de- 
livered carrierfree. That means that the quantity of iodine in a 
100 microcurie dose is of the magnitude of 0.001 micrograms and 
therefore can be neglected. Theoretically such a minute quantity 
would be desirable because in such a case the radioactive iodine 
is really acting as a tracer for the iodine already present in the 
blood. This has so far been avoided because of the fear that losses 
of such infinitesimal quantities can occur on the walls of containers 
or in the gastrointestinal wall or by other means. On the basis of 
certain animal experiments in which studies with varying amounts 
of carrier iodine were done, the dose of 100 micrograms of carrier 
iodide was selected for these clinical studies. Such an amount 
would probably increase the blood iodide concentration by about 
1 microgram per 100 ml plasma. I doubt that this increase in the 
blood iodide concentration will change the iodine metabolism so 
as to effect the result of the test. 

There are probably certain extrathyroidal factors which in- 
fluence the results obtained in such urinary excretion studies. 
Among these should be considered the rate of absorption from the 
gastrointestinal tract. Hamilton (1938) demonstrated that most 
of the iodine was absorbed in one hour and that the absorj)tion 
was complete in 3 hours. It is possible that the presence of food in 
t e stomach interferes with the rate of absorption. For this reason 

with few exceptions the tracers have been administered to patients 
when fasting. 
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It has been pointed out by Salter (1940) that though the mech- 
anisms by •vhich the Iciduey excretes iodine are not known, certain 
diseased kidneys have <1 decreased urinary excretion of iodine. 

It is quite likely that in congestive heart failure the renal 
excretion of iodine is impaired. Though this is not well established, 
Sowntree, hitz aud Geraghty (1913) in a study on dogs found that 
the excretion of iodide was prolonged in chronic passive congestion 
of the kirlney. 

In ail work with radioactive isotopes one has to pay attention 
to the po.ssihlity of radiation effects. The maximum permissible 
dose is U.l roentgen per day for total body radiation from radium 
or roi-iitgen rays. In this study 100 microcuries of 1^“^ has been 
used. Assuming that the radioactive iodine taken up by the thy- 
roid , stays there until it has disintegrated, this dose will give a 
total dose of 100 — 200 equivalent roentgens in about 7 weeks 
and by far exceed the maximum permissible dose of 0.1 roentgen 
per day. But it must be pointed out that this 0.1 roentgen per 
day is a dose that is considered to be harmless for an indefinite 
period of radiation. In order to get down to the level of 0.1 
equivalent roentgens a day one would have to use doses of about 
1 microourie of This unfortunately is not practicable to use 
with the present methods of measurement. That the doses em- 
plo^'ed 111 this investigation do not cause any disturbance of the 
urinary excretion in the 48 hours under study has been demon- 
strated by the author in a number of patients where a comparison 
has been made between the urinary excretion curves for a tracer 
dose and for a therapeutic dose of radioactive iodine. The agree- 
ment in urinary excretion in these cases has been very good. 

In order to get more information on the biological effects of 
the radiation of radioactive iodine a study on animals is in progress. 
One of the objectives is to define the doses that can safely he 
employed both in short and long term experiments. Without 
such knowledge one has always to consider the possibility that 
the radiation from a tracer dose may produce biological effects 
on the physiology under study. It may again he emphasized that 
the radiation has not effected the results presented here. 

The fact that the hyperplastic gland in thyrotoxicosis has ah 
increased avidity for iodine has long been known, hut the intro- 
duction of radioactive iodine has given us a tool to measure this 
increased avidity on quantitative basis. It is possible that this 
phenomenon can be utilized for diagnostic purposes. The results 
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SO far are encouraging. The clinical diagnosis of thyrotoxicosis 
is in most cases easy. There are, however, a certain number of 
borderline cases and of masked hyperthyroidism which are very 
difficult to evaluate by the clinical findings and the laboratory 
methods available. There seems, therefore, to be a need for methods 
to facilitate this differential diagnosis. The results presented in 
this report suggest that the urinary excretion of radioactive 
iodine after a tracer dose can be used for this purpose and an 
investigation of the clinical value and limitations of this new 
iodine tolerance test is in progress b)’' the author. 


Summary. 

1. The use of radioactive iodine in the study of disturbances 
of the th)Toid function is discussed. 

2. Tracer doses of radioactive iodine have been orally ad- 
ministered to three groups of patients: thyrotoxic, euthm’oid and 
myxedematous. The urinary excretion of the radioactive iodine 
has been measured. 

3. The 48 hour urinary excretion for 25 patients with thyro- 
to.xicosis varied between 6.2 percent and 32.3 percent with an 
average of 19.2 percent. 

4. The 48 hour urinary excretion for 15 euth}T:oid patients (con- 
trols) ranged between 52.7 and 84.1 yiercent with an average of 
66. G percent. 

5. The 48 hour urinary excretion in 6 cases of myxedema varied 
between 72.4 and 91.7 percent. 

6. The m’inary excretion of radioactive iodine in the group 
of thyrotoxic patients is considerably less than in the group of 
euthyroid patients. No overlapping between the two groups has 
been observed so far. 

7. Th}T:oidal and extra thyroidal factors which influence the 
urinary excretion of radioactive iodine have been discussed. 

8. It is possible that the urinary excretion of radioactive 
iodine after a tracer dose can be used for diagnostic purposes. An 
investigation of the clinical value and limitations of this new 
iodine tolerance test is in progress. 

Grateful acknowledgement is made to Prof. J. H. Means and 
Prof. E. D. Evans for the facilities provided in their laboratories 
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for this work and to Dr. E. W. Eawson and Dr. Eex 6. Fluharty 
for their helpful criticism of this work and in the preparation of 
this paper. . ' . ■ , 
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In spite of a dissenting paper by Porter & Higginbotham 
(18) reproduced in 1941 in Harris & Harris “Clinical Pellagra” (9), 
it has been definitely shown that electrocardiographic alterations 
are encountered in a number of pellagrins. Feil (3) was tbe 
first to note this observation and bis findings were confirmed by 
Mainzer & Elrause (17); furthermore we observed the dis- 
appearance of the cardiographic changes during treatment with 
nicotinic acid, a fact confirmed by Bachmilevitz & Braun (19, 20). 

There is nothing characteristic for pellagra in these changes, 
since similar tracings are encountered in other diseases, especially 
in coronary sclerosis; indeed this very fact, stressed in our earlier 
paper, induced the erroneous statements of Porter & Higginbotham 
(18). Hence a single abnormal tracing taken in a pellagrin cannot 
be definitely proved to be brought about by pellagra, although 
in young patients the causal relation is probable by exclusion of 
other causes. In most cases there is, however, a general parallel- 
ism between the development of the cardiographic tracings, if 
taken in series, and the other pellagrous phenomena, substantia- 
ting this causal relation; a further argument is the quick disappear- 
ance of the cardiographic alterations of pellagrins treated with 
nicotinic acid [Mainzer & Krause (17), Bachmilevitz & Braun 
(19, 20)], as observed in some instances. 
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However, not all the cases are conclusive; as it will be shown 
in this study, the cardiogram remains abnormal in a considerable 
number of pellagrins, in spite of nicotinic acid in sufficient dosage; 
in other cases the normalisation proceeds slowly and incom- 
pletely. 

Moreover, the identification of nicotinic acid deficiency and 
pellagra is far from being justified; pellagra, as defined by 
Sydenstricker (26), is "a B-group avitaminosis in which lack of 
nicotinic acid is predominant but in which other vitamins are 
depleted to a level of physiologic inadequacy”; actually the concur- 
rent deficiency of thiamin [Weiss & Willdns (29) and others], 
Eiboflavin [Sydenstricker (26)], fobc acid [Spies (22)J and cholin 
[Th. Gillman & J, Gillman (7), Me Henry <fc Patterson (14)], 
has been shown in many cases of pellagra. 

The cardiographic changes produced by thiamin defiency are 
well known [Weiss & Wilkins (29), Weiss, Haynes &■ Zoll (30)]. 
With the exception of nicotinic acid there is no similar evidence 
for the other B-factors; even the effect of nicotinic acid itself is 
uncompletely understood and partially controversial. 

Hence a further study of the cardiographic changes in pellagrins 
seemed warranted. 


Cardiograpliic Findings. 

The present paper is based on the study of 45 pellagrins with 
139 tracings. 

Table I summarizes the frequency of the different pellagra 
manifestations in these cases. 

Tal)lo 1. 


Frequency of the more important pellagra manifestations. 


1 

2 

3 1 4 

5 

6 

7 

8 

Outcome 

Total 
num- 
ber of 
pella- 
grins 

Skin 

Blouth 

Diar- 

rhoea 

Anemia 

Psy- 

chic 

distur- 

bances 

Pella- 

gra- 

cardio- 

gram 


macro- 

cytic 

micro- 

cytic 

Insulin 

hyper- 

sensi- 

tivity 

Cured 
or im- 
proved 

dead 

1 

‘ 45 1 37 

40 

30 2 

14 22 38 

23» 3G 

9= 


* Not investigated in 14 cases; inconclusive in 2 diabetic pellagrins; no hyper- 
sensitivity in 6 cases. 

* 2 above 70 years. 
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Tor teclinical reasons we recorded only tlie manifestations 
present during tlie time of clinical observation without reference 
to those reported in the past history. 

Column 8 of the liable, headed “Insulin Hypersensitivity” is re- 
ferring to the following fact; in pellagrins, a small dose of insulin 
(6 units) given by subcutaneous injection induces with few ex- 
ceptions an abnormally great decrease of the blood-sugar level, 
often occurring with severe symptoms of hypoglycemia [Mainzer 
(15, 16)]; in healthy people under these conditions the blood- 
sugar decreases not below a level of 60 mg% (procedure of 
Hagedorn- Jensen); in pellagrins we found levels as low as 18 ing%. 
The theoretical significance of this phenomenon is be^mnd the 
scope of this paper; its practical importance, however, derives 
from the fact that the reaction remains mostly unchanged, even 
in clinicall}’’ cured pellagra. 

Table I shows that "pellagra-cardiograms” are as frequent 
in this disease as the cutaneous phenomena and the abnormal 
insulin-hypoglycemia; only one out of five patients has a tracing 
without indications of pellagra-influence; even intestinal symptoms 
are less frequent. 

The shape of the cardiographic changes has been previously 
discussed [Feil (3), Mainzer & Krause (17), Bachmilevitz & Braun 
(19, 20)]. Most frequent are the abnormalities of the final wave; it 
is flat, iso-electric or negative [in some cases very large according 
to Feil (17)]. This author observed in five cases an S-T interval 
of the Pardee-type; deviation of the S-T interval from the iso- 
electric level is not infrequent. 

In serious cases the voltage of the ventricular complex is dir 
minished. Notching and slurring of the ventricular complex is also 
encountered. 

In Table II the cardiogi’aphic findings in pellagrins are summa- 
rized. 

The five cases of column 3 require a separate discussion. These 
are borderline-cases not to be classified as abnormal, so much more 
with reference to the great variation of the normal cardiogram as 
shown lately by Stewart & Manning (23) and Graybiel, Me Far- 
land. Gates & Webster (8). However, a series of tracings taken 
during treatment showed a continuously increasing voltage of 
the T waves together with a more typical shaping of the S-T 
intervals. So the pellagra-influence, on apparently "normal” 
tracings, became manifest. 
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Table II. 


Electrocardiographic changes in pellagrins. 


1 


3 

4 

5 

G 

7 

Number of 
pellagrins 

Ecg 

normal 

and 

unchang- 

ed 

Ecg 
border- 
line trac- 
ings tvitli 
improrc- 
ment 

Ecg 
abnor- 
mal with 
improve- 
ment 

Ecg 
abnor- 
mal be- 
coming 
worse 

Ecg 
abnor- 
mal un- 
changed 

Ecg 

abnormal 
with con- 
current 
coronarj’ 
insuffienoy 

45 

a) several tracings 

3 

5 

15 

5 

2 

2 

b) one tracing onl}' 

4 

— 


— 

8 

1 

c) Total 

7 

^ 

15 

5 

10 

3 


normal ccgs abnormal pellagra cogs 
12 30 


pellagra ccgs 
35 


By including these "normal” tracings the total frequency of 
pellagra-cardiograms increases considerably. 

In our pre^dous study, differentiating only between normal and 
pathological tracings, we found 43 % of the cardiograms not 
influenced by the disease; Feil (3) found 50 %, Eachmile%dtz & 
Braun (20) 33 %; now by including the "normal” pellagra- 
cardiograms our rate is only 25 %. 

The relation between the development of the cardiographic 
alterations and the clinical com-sc of the pellagra under treatment 
(especially mth nicotinic acid) form a basis for pathogenetic 
interpretation. 

According to Eachmilevitz &■ Braun this relation is very 
simple. In their cases the initially pathological pellagra-cardio- 
grams became normalised after a few (4 — 5) days of nicotinic 
acid-treatment; only in rare instances the required time was 
longer. So they felt, that the abnormal tracings were brought about 
by a disturbance of the myocardial metabolism induced by niacin- 
deficiency. The retardation of the niacin-effect on the cardiogram 
was supposed to be due to an insufficient utilization of the vitamin 
produced by a disturbed liver function, as indicated by hypo- 
proteinemia. 

The results of the present study are only in partial agreement 
with these statements and cannot be framed within the patho- 
genetic interpretation of the authors. 
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Table IH. 


Age and sex- distribution of pellagrins. 


Years 

m^Qmiiiii 

wm 

3 

4 

5 

6 

7 

8 




41—50 

51—60 

61—70 

above 70 

Total 

Males 




5 

4 

6 

5 

3 

23 

Females 

1 

6 

2 

4 

6 

3 

— 

22 

Total 

1 

6 

7 

8 

12 

8 

3 

45 


Table IV. 

Distribution of pellagra-electrocardiogi ams 
according to age and sex. 



Below 

50 years 

Above 

50 years 

Total 

Males 

7 

10 

17 

Females 

11 

7 

18 

Total 

18 

17 

35 


Our observations are summarized in tbe tables III — VII. 

The dosage of the pellagra-curative substances, as referred to 
in the tables, was as follows (per day): 

Yeast: 30 — 100 g of fresh yeast, 

Liver extract: 2 ml of various preparations declared as the 
equivalent of 500 g fresh liver {before tbe standardisation in 
units), subcutaneously injected, 

Thiamin: 10 — 20 mg given by subcutaneous injection. 

Nicotinic-acid: 500 mg, of which half the amount by mouth, 
half by intramuscular injection; in some cases this amount was 
reduced in the course of treatment to 300 mg. 

Some observations belong to the pre-nicotinic-acid-period; these 
cases were treated with a high-caloric diet, yeast, liver extract 
and sometimes thiamin. 

The cardiograms were taken in most cases every five to ten 
days in the beginning, with greater intervals during the later 
stages. 

By talcing series of tracings during the course of the disease 
all cardiograms suspected for coronary insufficiency could be 
examined for the influence of pellagra; in two pellagrins the com- 
bined influence of the two diseases could be substantiated by 
this procedure. 










AUTIFIGIAL KIDXEY. 


245 

c) Analysis of the substances dialyzed from the blood into the salt 
solution is rendered difficult, d) It is difficult to obtain sufficient 
quantities of colloids; colloids with a satisfactory degree of piu’ity 
would be far too expensive in practice. 

The above also applies essentially to polj’Adnyl-alcohol. 

The 'present apparatus affords the possibility to maintain the fluid 
balance by means of hydrostatic pressure. As it is possible even to 
obtain a stronger dehydration in the modified form of the apparatus 
already mentioned by one of us (A. 1947), ice have no Dcolloihi prob- 
lem. We have therefore discontinued to work on it. 


2. Hydrostatic Pressure. 

The cellophane casing of the apparatus contains a limited and 
definite amount of blood, which is practically independent of the 
pressiu-e in the casing. By suitably adjusting the pressme it is 
possible to maintain equilibriimr between the blood flondng 
through the casing, and the siuTOunding salt solution. We have 
studied the fluid balance both in vivo and in vitro. 

In vitro: The fluid balance between heparinized animal plasma 
and a salt solution has been studied in the following manner. 

A relatively suuill dialysis apparatus was used for the experiments. 
The plasma was made to flow from a container placed about 1.5 m 
above the level of the apparatus. The rate of flow was controlled by a 
valve described in an earlier publication (A., 1947). All conditions were 
constant except for the fact that the height of the rubber tube, through 
which the fluid left the apparatus (= the hydrostatic pressure) was 
changed. From this outlet tube the plasma was allowed to flow into a 
vessel, whence it was poured back into the first ineutioued high con- 
tainer. In this manner about 200 — 250 ml. plasma circulated through 
the apparatus at a rate of 3/4 — ^1 litre per hour during six horns. The 
experiments were carried out at room temperature. 

Table 1 shows firstly the length of the outlet tube (= the 
hydrostatic pressmu exercised against the contents of the casing 
during the major part of the experiment) and secondly the change 
of the protein content of the plasma during 6 hours’ dialysis as 
determined according to Van Slykes copper sulphate method. 

As was to be expected, we found that at the low hydrostatic 
pressru’es, the protein content of the plasma fell — i. e., fluid 
flowed from the salt solution to the plasma — whilst the protein 
content remained constant or increased a little with the higher 
pressures. 
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Tal)lo YI. 


Interrelations between the electrocardiographic development and the 

course of the pellagra. 


Pellagra and 
cardiogram 
both 

improved 

Pellagra and 
cardiogram 
both Worse 

Pellagra 

improved, 

cardiogram 

worse 

Pellagra 

Worse, 

cardiogram 

improved 

Pellagra 
improved 
or worse, 
cardiogram 
unchanged 

Total 

1 

2 

3 

4 

5 

6 

19 

5 

1 

2^ 

0 

32 


Table YII. 


Time required for the maximal improvement of the cardiogram 
in pellagrins treated with nicoiinic-acid,“ 


jMaximal Improvement after days: 

1—10 

11—20 

21—30 

jMorc than 
30 

Inconclusive 

Total 

1 

2 

3 

4 

5 

6 

6 

a 

3 

1 

7 

20 . 


In. one case, a cardiogram incompletely normalised during 
niacin-treatment became perfectly normal after additional treat- 
ment Rdtb yeast; in another cases the same observation was 
noted with thiamin. 

Another group of pellagra-tracings remained completely un- 
changed during many weeks of treatment. 

The same cardio graphic developments were noted with com- 
bined niacin-yeast treatment; there was complete or incomplete 
normalisation or no effect on the tracing. 

In the whole, as stated, the development of the cardiogram 
corresponds to the general course of the illness; however some 
exceptions were noted. Twice there was a continuous improvement 
of the tracing despite of worsening pellagra, even in one case with 
fatal issue. Once the cardiogram became much worse in a pellagrin 
cured clinically. 

The interrelations are summarized in table VI. 

Table VI shows that in a (juarter of the cases, the expected 
parallelism is absent. 

1 fatal case. 

• 1 simultaneous treatment With yeast, thiamin or liver extract are 
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'r^-^A- 


^Vt Va -A ‘Vs 

ABC]) E 

Fijinre I. Slowly progressing nornialisalion of a pellagra olectrocardiograni. 


Table VII summarizes the time-relations betM'cen niacin- 
treatment and the improvement of the cardiogram, including the 
cases vith incomplete normalisation. The table shoAvs that a 
quick improvement of the cardiogram is often observed. Cases 
■with delayed normalisation are equally frequent. 

Some of the findings above related will be illustrated by ex- 
amples. 

Figure I illustrates a very slow normalisation of a cardiogram 
during niacin-treatment. 

Case 1: The patient, a night-porter, aged GO, was unemployed and 
■without resources for 4 months; his meals consisted mainly of bread 
and dry beans. Owing to his insufficient nutrition, he felt weak. Ten 
days before admission to the hospital (21/7/39), he observed a redness 
of the skin of both hands. 

The examination revealed a fresh dermatitis on the dorsum of both 
hands, glossitis marginalis with erosions, atrophy of the lingual pa- 
pillae, psychic disturbances, especially a silly euphoria; there were no 
other pellagra manifestations, no diarrhoea, no anemia. 
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The insulin-test showed a jironounced hypersensibility, disappearing 
during treatment (a rather cxcejitionnl devolo])ment , mostly seen in fresh 
cases). 

The minimal blood-sugar levels after b units instdin wore as follows 
(procedure- llagedorn-densen): 

Minimal i)lood-sugnr level 
mg. % 

22‘7.d't IG 

2;i 7;d'.> Ks (!) 

in 

ii:8/no 7n 

Tlie patient Was treated with nicotinic acid, g per day injected 
and the same amount In* nioutli. 

After a fortnight all pellagra syinptojns had dis!ij)peared. 


V.leetrocanllogrnias. 

T i m e m e a s n r o m e n t s. 


Denomination 

1 )ate 

Pulse rate 

P-D 

R-S 

(in .seconds) 

R-T 

A 

2l'7;.7.t 

1*2 

It. IT 

0.07 

O.ar. 

B 

27'T ;ut 


(1.17 

0.07 

(,'.:! 7. 

C 


(iS 

0.17 

0.07 

0,10 

D 

7/Sglb 

72 

0.17 

0.07 

o.as 

E 

12/8/:W 

bb 

tl.17 

(.1.07 

(.».3S 

The initial < 

'ardiogram 

gives just a 

hint of 

jinsilive T waves in 


the limb and has a flat T in lead IV 1*. The subsecpietw tracings show 
a slowly progressing nonnulisatitui; eveti after two weeks T; and 
remain flat; after tliree weeks they are normal and no further chango 
occurs. 

During a .secoml hospital stay, the initial cardiogram was similar 
to figure 1 D and after one month's treatment to figure T E. 

Figure IT shows the normalisatiott of a borderliite-cardiogram in 
pellagra. 

CVisc 2; A woman, aged ."0, could not regain her previous health 
after the birth of her third child. She felt weak; from time to time 
she suffered front diarrhoea without pain. The mettstruatioit had not 
reappeared after weaning. Eight <lay.s before entering the hospital 
f30/7/bl), she observed a redness of the hacks of iioth hands. The 
Jiusband was imemployed for the last si.v months and the nutrition 
of the wliolc family was insufficient. 

There, were ])rofound alterations of the skin on face, neck, both 
hands and arms as w'ell ns both legs and feet; jtartly the lesions were 
fresh with erythenta, partly older with hyperkeratosis and ulceration. 
Glossitis marginalis and atrophy of the ])apillno of the tongue wore 
present. Actually, there was uo diarrhoea and the psvehic behaviour 
was normal. 
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Tlie iiisiilin-test revealed a marked-hj'pcrsensitivity, remaining un- 
changed after clinical cure of the pellagra. 

minimal htood-sugar levels afier 5 vniis insulin. 

Blood-sugar level 
Date jjjg ^ 


1/8/40 

32 

12/8/40 

27 

23/8/10 

33 


At the beginning the patient rvas treated rvith O.so g nicotinic acid 
per day, of Avhich half the amount by injection; later the nicotinic acid 
given by mouth was replaced by 100 g of fresh yeast. The skin altera- 
tions disappeared quickly and at the time of dismissal ^25/8/10) only 
a slight desquamation remained. 


Blcctrocnrtllogrnms. 
Time measurements. 


Denomination 

Date 

Pulse rate 

P-E 

R-S 

(in seconds) 

S-T 

A 

31/7/40 

90 

0.17 

0.07 

0.32 

B 

1/8/40 

69 

O.is 

0.07 

0.39 

0 

5/8/40 

53 

O.is 

0.07 

0.40 

D 

21/8/40 

60 

O.is 

0.07 

0.40 


In Figure II A the T Waves are flat in all leads, but cannot be classified 
as definitely abnormal (Ti = 1 mm, T 2 = 1.5 mm). The subsequent 
development, however, showed that they were pathological; in fact, 
during the treatment with nicotinic acid, the T waves increased at 
the beginning, but later no further change occurred with niacin alone 
(Figure II B and Figure 11 C — 12/8); following an additional treat- 
ment -with yeast for 9 da 3 ’s the cardiogram became typical by further 
increase of the T waves (Figure II D: Tj — 4.0 mm, = 3.5 mm). 

The figure XII shows a slow improvement of a pellagra tracing> 
remaining incomplete in spite of continued treatment with niacin) 
thiamin and extract of liver and stomach. 


Case 3: A merchant, aged 36, without contributory past history, 
especially without rheumatic disease, suffered three j'ears ago from 
stomach pain, considered as peptic ulcer and treated with alcaline 
powders. 

Six months before admission without extrinsic cause and while fed 
with an unrestricted diet, a painless diarrhoea appeared, slowly in- 
creasing; at the beginning lie had 3 — 4 half-formed stools, later 4 — 6 
completely liquid evacuations. He lost 10 kgs and felt increasingly 
weak. In the last time he became irritable, quarrelsome and preoccupied. 
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Vs ^Vs "-Vs 

A B CD 

Figure II. Slowly progressing normalisation of a borderline-lracing in pellagra. 


On admission (5/6/39), tlie patient "Was moderately emaciated; lie 
had 4 — 5 liquid slightly acid stools; no pathogenic bacterias or parasites 
were found. 

Moderate glossitis marginalis with erosions and atrophy of the 
papillae of the tongue Were present; on the front of the neck a very 
slight erythema of the skin was scarcely perceptible. There were no 
other pathological signs, especially with reference to the heart. 
Psychically the behaviour of the patient was as stated in his past 
history. 

He was treated with Takadiastase, nicotinic acid, 0.20 g by injection 
and 0.5 0 g by mouth, and received from 13/6 — ^23/6 10 mg Thiamin 
per day by injection as Well as 2 ccm of a liver and stomach 
extract. 

During this treatment the stools (2 — 3 per day) became half -formed 
or formed. The body -weight increased from 33.9 kg to 38.1 kg after 
an initial loss of 2.1 kg through disappearance of latent edema. There 
was also an improvement of his psychical behaviour. However, he 
remained quarrelsome and left the hospital against medical advice. 
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ConnncMil. 

Swumari/ of the ckctrocardiofjraphic findings. 

As sliown by the present study, the rapid normalisation of the 
eardiogram in niacin-treated ])cllagra according to the pattern 
described by llachmilevitz & llraun (19, 20) is often observed, 
but a nmnbei- of other devclo})inents can l)c encountered not less 
frequently. 

It results: 

1) "Pellagra-cardiogfajns” can be divided into two groups 
(Table II); 

a) definitely abnormal tracings, which by exclusion of other 
possible causes and/or the effect of specific treatment can be 
proved to be brought al)out by pellagra: 

b) borderline-tracings, becoming normal during specific treat- 
ment. 

2) Pellagra-cardiograms arc a frecpient effect of the disease. 
There is no more regularity in the in association of cardiographic 
alterations with other pellagra-manifestat ions as in the coinbinn- 
lion of these manifestations (Talde I). 

3) The development of the cardiogram during the treatment 
witli nicotinic acid (with or wit hout thiamin, yeast or liver extract), 
.sliows various patterns (Tables II and Y): 

a) complete normalisation, 

b) partial normalisation, 

c) unchanged persistance of the abnormalities. 

4) In most cases a parallelism exists between the general 
■course of the disease and the development of the tracings; but 
there are many exceptions, the cardiogi-am may even become 
worse during clinical cure and imiirovc in fatal pellagra (Tables 
Y and YI). 

5) In some instances cardiograms partially normalised during 
hicotinic-acid treatment were further improved by additional 
treatment with thiamin or yeast (Table Y). 

6) The time required for maximal improvement of the tracing 
during treatment with 0.60 gm nicotinic acid per day varies 
peatly (Table YII); In half the cases maximal normnlisatiou 
is obtained within 10 days, in others only after 3 — i weeks. 
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Factors ‘prodncing the electrocardiographic changes. 

As stressed above, Pellagra is a combined deficiency of B-group 
factors vitb predominant symptoms of nicotinic-acid deficiency 
(and in most cases associated with protein-depletion). 

■\y til reference to these facts Weiss A. Willdns (29) assumed, 
that in Pellagra the cardiograiibic alterations were entirely due 
to thiamin deficiency. 

Basing on newer observations, Rachmilevitz A. Braun (19, 20) 
attributed the changes to lack of nicotinic-acid. 

In our pre^^ous paper [Mainzer »Sr Krause (17)], however, we 
had shown, that thiamin as well as nicotinic acid deficiency, 
associated in varying proportions, can be effective factors. 

The therapeutic experiences related here, tend to confirm this 
assumption, since in some cases during treatment with nicotinic 
acid the cardiogram was normalised, whilst in others thiamin 
(or yeast) was necessarj' to obtain this result. It remains an open 
question, how far other B-f actors per se or in association are 
effective, to be resolved only by experiences with isolated fac- 
tors. Clinical pellagra is not an appropriate object for this analysis. 

yHiilc thiamin experiments on animals and human beings have 
been made with the necessary precautions to exclude the develop- 
ment of associated deficiencies [Weiss A. WiUcins (29), Weiss, 
Haynes & Zoll (30), Jolliffc and associates (10)], but with nico- 
tinic acid this has yet to be done. 


Pathogenesis of the electrocardiographic changes. 

The deficiencies of thiamin and nicotinic acid (both appa- 
rently not stored by the organism) produce cardiographic alter- 
ations wdthin a very short time; the same is true for their 
disappearance. 

Jolliffe and associates (10) in experiments on human beings found 
abnormal tracings after four days of induced thiamin deficiency. 
Swank & Bessey (25) experimenting on pigeons, noted the 
normalisation of cardiograms even two hours after injection of 
thiamin. In cardiac Beriberi the influence of thiamin on the 
cardiogram becomes manifest after a few days, in any case later 
than the clinical improvement [Weiss & Wilkins (29)]. A similar 
interval is sometimes sufficient in pellagra during niacin treat- 

19 — i82174. Ada mod. scandinav. Vol.CXXXI. 
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ment [Mainzer & Krause (17), Kachmilevitz & Braun (20), 
present observations]. 

Tlie rapidity of the effect can be attributed to the reversibility 
of the underlying chemical disturbance. Thiamin and nicotinic 
acid as moieties of coferments are components of ferment- 
systems, which together with flavin and adenyl-tri-(di-) phos- 
phate are necessary for the metabolism of carbohydrates; the 
degradation of higher carbohydrates provides the energy for the 
muscular contraction. In this respect the pellagra-cardiogram can 
be considered as the expression of an abnormal chemism of the 
myocardial contraction. 

Slordy progressing, incomplete and lacldng normalisation of the 

electrocardiogram. 

It remains however to discuss, why in many pellagrins the 
normalisation of the cardiogram progresses slowly, remains in- 
complete or is even entirely absent, in spite of treatment with 
the necessary vitamins (or coferments) in excess. 

It can be assumed, that in these cases the functional disturbances 
expressed by the cardiogram are produced by anatomical myo- 
cardial damage, more or less reversible at the beginning and iri’e- 
versible at the end. 

A considerable number of investigations support this as- 
sumption. Aalsmeer & Wenckebach (1) and Wenckebach (31) 
reported anatomical and histological heart damage in Beriberi; 
similar findings were noted by Weiss & Wilkins (29) in pellagra 
and cardiac insufficiency associated with pellagra or polyneuritis; 
they found hydropic degeneration of the fibers and insterstitial 
edema of the myocard as described by Aalsmeer & Wenckebach 
in Beriberi and even in 11 cases of pellagra without cardiac 
symptoms. 

Kollis, Miller & Wintrobe (6) reported on myocardial nec- 
roses in the thiamin deficiency of the pig, Swank & Bessey (25) 
in pigeons. Supple, Bender & Kahlenberg (24) found in rats 
on isolated panthotenic acid deficiency, heart dilatation and 
myocardial haemorrhage in frequent instances. 

Some chronical inflammatory states of the human heart muscle 
are hypothetically related to nutritional deficiency [Lindberg 
(13), Smith & Kurth (21), Toreson (28)]. 

So, in spite of inconsistencies and unsettled questions, the 
occurrence of anatomical myocardial damage in vitamin B-group 





Table V. 



■ i-:;t!nn‘ of ihc ihriroctinlw^rams of iretdcd pdlti(}riui. 


Ac'.i 

~ Tri.’Jtai.T 

Acui 


Veast-f Liver 
Extract 

Xo specifk' 
tre.ttmcivt 


= *2 ^ 

” ■ ‘ 

;i: ' > < c 5 ''9 
- . c • 5 

i 

.1 5 |U'_ 

"S S Si § 

^ s S r-" ~ 

” 5; 

s sjItI ; 

-s 

o i'g la ( 1 

.2 ; j M o _ 

5i 

«rr-! ^ 

Total 

7 S U to 

u l i 15 

mil 7 IS 19 20 

21 22 23 21'25 

20 27:2Sl29;iO 

31 

11—'—' I 

4 

2 1 — 1,1 

1 ■ i 0 * 

- 1 : 1 

29 





Ineonelu.sivo 

3 





Total 

32 


Viih rfl'crfiice to the presence of coronaiy diseases, the pella- 
;jriiis are recorded in <'rou2)3 according to age and sox in tabic III. 

Table IV is u .summary of the age and sex distribution of pellagra* 
canliograms; 10 series of tracings included in table II are omitted, 
seven uoruud ones and three others influenced by coronary insuffi- 
ciency. The table shows, that in the group of younger pellagrins, 
abnormal tracings are not less frequeut than in the group above 
bO vear.s. i fence the stati.sticai analysis confirms the foot derived 
/torn tile individual examination of every pellagrin, that coronary 
dise.tse playetl no major role in shaping the abnormal cardiograms. 

'fable V summarizes the development of the pellagra-cardio- 
graju in treated pellagrins. 

'J'able V rt-fers to the cases of columns 3, 4, 5 and Ga of Table 
11. However, three of these jratients are omitted, owing to in- 
con4T)!ete data. ITom the remaining 24 patients the cardiograx^hic 
flevirlupment m 29 courses of treatmeub is registered. Some 
TM lhigrins are regi.stered mure than once, if treated at various 
ii Ultra by the .same or by different |)rocedures, for instance with 
niaein oiily at one time, with niacin and yeast in a subsequent 

* Tul.Ie V slioivs: 


ihirmg {reatnietit with nicotinic acid the cardiograms became 
r;urn:;d only in a certain number of x>ellagrins, even if the other 
pesi.igiuus plienomena disaitpeared. 

In the otner case.s the normalisation of the tracings remained 
niiaujj.'lele in .ijiiti; uf prolonged treatment. 
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of pigeons. With rapid depletion, induced by complete with- 
drawal of thiamin, they found no cardiac involvement at the 
time of natural death; with slow depletion, however, produced 
by an insufficient amount of thiamin, cardiographic alteratiorrs 
and myocardial damage developed. 


Summary. 

The electrocardiogram was investigated in 45 pellagrins with 
139 tracings. 

It was shown; 

1) There are two groups of pellagra-cardiograms: 

a) definitely abnormal tracings, which by exclusion of other 
possible causes can be proved to be brought about by 
pellagra, 

b) borderline-tracings, becoming more typical during specific 
treatment. 

2) Pellagra-cardiograms are a most frequent effect of pellagra; 
their association with other pellagra symptoms is irregular, 

3) There are various patterns of the cardiographic development 
during nicotinic acid treatment (with or without thiamin, yeast, 
and liver extract): 

a) complete normalisation, 

b) partial normalisation, 

c) persistance of the abnormalities. 

4) In most cases a parallelism exists between the general course 
of the disease and the shaping of the pellagra cardiogram; but 
there are many exceptions, even the deterioriation of the tracing 
during clinical cure or the improvement of the cardiogram in 
fatal pellagra. 

5) Some cardiograms, only partially normalised during nico- 
tinic acid treatment, were further improved by thiamin or yeast. 

6) The time required for maximal improvement of the tracing 
during intensive nicotinic acid treatment varies from some days 
to some weeks. 

In Si me pellagrins cardiographic changes are due to thiamiu 
deficiency; in the majority of cases they are probably induced by 
nicotinic acid deficiency. The influence of nicotinic acid on the 
cardiogram requires confirmation by experimental work; the same 
is true with reference to the possible interference of other nutri- 
tional factors (B-group, protein-deficiency). 
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The cardiographic alterations, if quickly reversible, are proba- 
blv due to an impaired carbohydrate metabohsm of the heart- 
muscle; in cases with delayed or absent reversibility the changes 
must be related to anatomical myocardial damage. 

(The author wishes to express his indebtness and appreciation 
to Dr. M. Khause for taldng the majority of the tracings.) 
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we got information of the age, the duration of the disease, prodro- 
mes, phase (active-inactive, acute-chronic), probable etiology, 
the condition of the patient and special findings (S. R., blood 
pressure, urine analysis etc.) at the date when the titration was 
made. Only of relatively few patients have we got incomplete 
information. 

I\Iost of the previous investigations are based on selected 
materials of well defined clinical conditions, as for instance the 
investigations of Kalbak. It is evident that such a selected ma- 
terial will give much more favourable statistics than an unselec- 
tcd material, as the number of wrong diagnoses is reduced to a 
minimum, and atypical cases are not included in the material. 
A weakness of this method is, however, that the investigator 
often knows the diagnosis of the patient, whose serum he titrates. 
The reading of the titre may thus be unconsciously influenced, 
as it may be a matter of opinion whether one chooses the titre 
of 180 or 200, and the higher the titre, the greater the possibility 
of error. 

Another circumstance is that pre\nous investigations in a less 
degree have met the requirements of the physician. To him the 
reaction will be of particular interest in the clinically obscure, 
atypical cases, not in the certain ones, where the diagnosis 
alread)' is clear. 

In addition to the knowledge which earlier reports of the 
antistreptolysin reaction in a selected material have accumulated, 
we have felt that it would be of the greatest interest to see the 
results of the reaction in an unselected matetial, such as it appears 
in a routine laboratory. 

However, our material also has resulted from selection in so 
far as the serums mostly were taken from patients suffering from 
conditions, in which the physician had reason to expect an ele- 
vated titre. That applies especiall}' to obscure diseases of the 
joints and Iddneys, ))rheumatic» conditions and obscure fevers. 

In order to facilitate comparison of our results with those of 
previous authors, we have mainly used the same classification as 
these. A great part of our cases has been difficult to classify, 
either because the diagnosis was obscure or due to simultaneous 
occurrance of a number of different diseases. We have therefore 
divided into separate groups acute and chronic cases of nephritis 
and rheumatic fever, and some other diseases of special interest, 
while the rest of the cases have been collected in a mixed group. 
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The literature contains somewhat different views concerning the 
highest normal limit of the A. S. T. We have, like Kalbak, con- 
sidered an A. S. T. above 200 as increased. It must, however, 
be clear that a titre of 150 — 180 may be a normal one, or it may 
be an increasing or decreasing titre. In order to decide this the 
results of more samples from the patient must be compared. 

1. Diseases of the joints. 

1. Acute fohjarlhritis {rlieumaiic jever). 

This group consists of altogether 79 patients, of these 32 were 
men and 47 women. In 20 of tlicm information of previous at- 
tacks was given. In 36 patients, viz. 46 %, information of a pre- 
disease was given, in most of the cases a sore throat. Only 16 could 
state fairly accurately the interval between the predisease and 
the outbreak of the rheumatic fever. The average interval in 
these was 17 days. 

A. S. T 0—99 100—199 >200 

Number of patients 3 6 70 

In 89 % of the patients the A. S. T. is increased. It might be 
of interest to examine the clinical data in the 9 patients with 
normal titres (11 %), to see if they, also in other respetes, differed 
from the others. 

Pat. nr. S: Age 60, woman. 29th week of disease: A. S. T. 180. 

Pat. nr. M: Age 26, woman. »Very light case». 1st week of 
disease: A. S. T. 100, S. R. 10. 

Pat. nr. 20: Age 49, man. Normal course of disease. 5th week 
of disease: A. S. T. 190, S. R. 64. 

Pat. nr. 37: Age 40, man. 2nd week of disease: afebrile, free 
from symptoms, A. S. T. 50, S. R. 4. 

Pat. nr. 49: Age 37, man. Myalgia of short duration, rheu- 
matismus acutus? A. S. T. 180, S. R. 10. 

Pat. nr. 60: Age 45, man. »Light degree)). 2nd week of disease: 
A. S. T. 50, S. R. 43. 

Pat. nr. 63: Age 49, woman. 17th week of disease: A. S. T. 
100, S. R. 20. 

Pat. nr. 69: Age 22, woman. »Light degree)). 1st week of. dis- 
ease: A. S. T. 170, S. R. 10. 

Pat. nr. 70: Age 49, woman. 0th week of disease: A. S. T. 
90, S. R. 6. 
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It is evident that most of these cases are atypical in one or 
other respect. Already the fact that as many as 6 are more than 
40 years old is striking. 3 were characterized as clinically mild 
cases, of whom 2 had an S. 11. of 10 when the A. S. T. was made. 
Further 2 were symptom free with a normal S. 11. and in 2 cases 
the diagnosis was obscure. The remaining 2 patients, nr. 8 and 
nr. 20, both apparently had a normal course of disease, but with 
A. S. T. on the upper limit. In all these cases only one titration 
was made, and it is possible that more titrations in the same 
patient at different times might have given other results. Thus, 
in 2 more patients with titres over 200, a previous analysis had 
shoivn normal values. 

The A. S. T. will ordinarily be increased already during the 
first week. The increased titre is, however, an answer to the pre- 
disease, mostly a sore throat, so that the duration of the disease 
is, in fact, 2 — 3 weeks longer. The titre will ordinarily not reach 
its upper limit until 2 — 3 weeks after the beginning of the joint 
symptoms, and frequently much later. The A. S. T. is increasing 
and falling more slowly than the S. B. (see Fig. 1) and may be 
increased for a long time after the S. R. and temperature have 
become normal and the patient free from symptoms. This is, 
probably, due to a remaining focal infection, which is continuing 
to produce antibodies after the patient, to all appearances, has 
been cured, and which represents a danger of relapse. Kalbak 
calls attention to this fact and is of the opinion that the A. S. T. 
ought to be controlled after the clinical recovery, until the titre 
is normal or shows a distinctly falling tendency. 

It has been discussed if there exists any connection between 
the clinical course of tlic rheumatic fever and the A. S. T. While 
some authors have tliought that they could demonstrate such a 
connection, others, among them Kalbak, could not find higher 
titres in the serious cases than in the mild. Kalbak divided his 
cases in mild, medium and serious, a classification which neces- 
sarily had to be rather arbitrary. 

We have chosen to ihck out the particularly mild and the 
particularly serious cases to see if these clinical extremes show 
any difference in the titre. 

Out of 8 particularly mild cases the A. S. T. was below 200 in 6, 
moderately increased in 2 and strongly increased in 1. 

Out of 6 serious cases 4 were complicated Avith exudative 
pleurisy and pericarditis, and 1 of them died. 3 of them showed 

19t — Ada vied, scandinav. Vol.CXXXI. 
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L - - S. R. 

I'it;. 1. The relation between A. S. T. and S. R. in patient nr. 67, 
rheumatic fever. 


lit I PS .niiovc 1,000, tlie 'Itli had an A. S. T. of 400, bxit as early 
iKS in the 3rd week. The 5th ease was a grave, progressive one 
v.-ith A, S. T. of 900. The 6th patient will be described more 
closely: 

Fnt. i\r. 5: Age 15, woman. December 1945 the patient con- 
tracted scarlet fever at the same time as her brothers and sisters, 
while the mother got a panaritium. In the beginning of January 
191 6 she got rheumatic fever and in the last days of January 
cardiac symptoms. A. S. T.; 10/8 46 = 1,600, 15/8 46 = 1,600. 
Died 20/8 46. Prom the heart valves hemol}dic streptococci, 
group A, type 19 could be isolated. 

It can thus be no doubt that there exists a correlation between 
tile clinical course and the A. S. T. in onr material, as the light 
case.s generally give low tit-res and the gravest high titres. We 
have, however, not been able to demonstrate a bigber A. S. T. 
in the relapses than in the first attack. 

It might he of interest to mention 2 patients where tonsilec- 
toiuy was ])crformed during the stay: 

Pcit. nr. 1: Age 33, woman, no previous attack of rheumatic 
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fever. 30/11 45; duration 17 vecks, A. S. T. 100, S. R. 37. 5/12 45; 
tonsilcctomjL 15/12 45; A. S. T. 250, S. R. 18. 

Pa(. nr. 76: Age 44, Avoinan, rlicumatic fevers several times 
during 15 years. Last 3 — 4 years frequently sore tliroat. After 
angina, acute relapse 18/7 44. 25/7 44; A. S. T. 1,000, S. R. 34. 
10/8 44; tonsilcctomy. 14/8 44: A. S. T. 1,600, S. R. 45. 23/8 44: 
A. S.T. 225, S. R. 39. 

Both patients get an increase of A. S. T. after the tonsilcctomy. 
Patient nr. 76 in the next sample, 9 days later, shows a great 
fall of A. S. T. It seems as if the tonsilcctomy temporarily has 
activated the focus. 

In 2 patients the A. S. T. was examined in exudate from 
the knee joint. It was a good accordance between the A. S. T. 
in blood scrum and exudate from the knee joint. 

Antibodies could, liowcvcr, not be demonstrated in the spinal 
fluids (A. S. T. = 0) in 4 patients, while the titres in serum 
were elevated, and in one case reached 600. 

2. Pohjardiritis chronica. 

The group consists of SO patients, of these 31 men and 49 
women. 


Table 1. 

A. S. T. in jHtfients suffering from chronic polijarLhrilis. 



0-99 

A..' 

100-^100 

S. T. 

>200 

Sum 

Primary 

3 

7 

0 

10 

Secondary 

G 

7 

39 

52 

Obscure 

r> 

.9 

8 

18 

Total 

u 

19 

47 

80 


The difference of A. )S. T. in primary and secondary polyarthri- 
tis is striking and will be seen in table 1. All 10 patients ivith 
primary, chronic polyarthritis have normal A. S. T. Among 52 
patients with secondary, chronic, rheumatic polyarthritis 39 have 
an A. S. T. above 200, while in 13 patients the titres were not 
increased. 

It may be of interest to sec how A. S. T. is related to the active 
and inactive cases, i. e. if the cases of chronic, secondary poly- 
arthritis are connected with an increased A. S. T., and the inactive 
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cases vritli a normal A. S. T. Tlie cases are, futhermore, classified 
in early and late ones. As tlie patients have come to the hospital 
on account of their joint complaints it is evident that the greater 
part of the patients are in an active phase. Some are in an inactive 
phase, either because they have come to hospital on account of 
another disease, or because the disease has become stationary 
during the stay. 

The classification of some of the cases may be father arbitrary, 
and sometimes there was some doubt whether the phase should 
be called active or inactive. The classification has been made on 
the basis of the clinical state and the S. R., regardless of the 
A. S. T. 25 cases of questionable etiology and classification were 
excluded. 

Table 2. 


A. S. T. in different fhases of chronic •polyarthritis. 


1 


A.S. 

T. 






Polyarthritis 

early case 

1 

3 

0 

4 


factivo .... 

1 

3 

0 

4 

chron. prim. 

Ncoase _ 

1 

0 

0 

1 

Polyarthritis 

early case 

0 

0 

1 

1 

ohron. sec. 

late case [•‘otive . . • . 

3 

6 

31 

40 


'inactive. . . 

2 

1 

2 

5 


Total 




55 


In a total of 55 cases, among them 9 cases of primary chronic 
polyarthritis and 46 cases of secondary chronic polyarthritis, 
this classification was done. 

All cases of primary chronic polyarthritis showed a normal 
A. S. T., both in early and in late, active and inactive phases. 

Regarding the cases of secondary, rheumatic polyarthritis a 
marked difference of A. S. T. in the active and inactive phases 
was noticed. Among 40, cases in an active phase 31 showed an 
increased A. S. T., and among 5 cases in an inactive phase 2 were 
increased. 


3. Other diseases in the joints and muscles. 

In this group are included all other cases of diseases in the. 
joints and elsewhere in the organs of locomotion. We must as- 
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sunie that a great part of the cases are atypical and the diagnoses 
corresponding!}’ nnclear, since it has been found desirable to deter- 
mine the A. S. T. The material has been classified in sub-groups, 
to study the results of the A. S. T. in diseases where hemolytic 
streptococci are not known to play any etiological role. These 
sub-groups can, liowever, not be used as a normal control material, 
mostly because of the possibility of erroneous diagnoses. 


Tnl»lo 3. 

A. S. T. in various diseases of (he joints and muscles. 



0-90 

A.S. 

100-199 

T. 

>200 

Sum 

Bcclitorcw’s disease 

3 

3 

G 

12 

Reiter’s disease 

1 


6 

9 

Still’s disease 

1 

0 

2 

3 

Rheiunatismus ac. atj-p 

0 

1 

13 

14 

Peritendinitis 

0 

1 

1 

2 

Periarthritis 

1 

1 

0 

2 

Non rhoumatio arthritis 

0 

4 

4 

8 

Iscliias 

3 

1 

1 

5 

Lumbago 

1 

2 

1 

4 

Arthrosis, spondylosis 

6 

8 

4 

IS 

Osteoporosis 

1 

2 

0 

3 

Bone tumours 

0 

1 

1 

2 

Other diseases 

2 

10 

22 

34 

Total 

10 

36 

61 

116 


Among 12 patients suffering from Bechlerew's disease 7 were 
men and 5 women. 3 of them had previously suffered from rheu- 
matic fever. In 8 of the patients more than one titration has been 
made. 6 of the patients had an increased A. S. T. It is a cpiestion 
if special conditions, which might explain the increased A. S. T., 
can be found in these eases. 

The duration of the disease does not seem to be of any signifi- 
cance, as 2 of the 3 patients in whom the duration Avas less 
than 1 year had normal titres. Nor does there seem to be any 
relation between the S. R. and the A. S. T. 

In the 6 patients Avho have an A. S. T. above 200, this is to 
be noted; 

Pat. nr. 163: Age 21, man. Simultaneously suffering from a 
chronic polyarthritis. 

Pat. nr. 166: Age 16, man, 3 years ago rheumatic fever. At 
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the time when the A. S. T. was made hemolytic streptococci were 
isolated from his throat. 

Pat. nr. 167: Age '14, woman. The diagnosis Mb. Bechterew 
doubtful. 

In 3 of the 6 patients Avith an increased A. S. T. this may 
thus be due to other conditions. In the remaining 3 cases nothing 
of special interest was found. 

Out of 9 patients suffering from Reiter's disease G had an in- 
creased A. S. T. This result is in accordance with the findings in 
rheumatic fever and chronic, secondary polyarthritis, and suggests 
that hemoh'tic streptococci may be of etiological significance in 
Belter’s disease. No relation between the S. R. and the A. S. T. 
was demojistrated. In all 3 cases where A. S. T. was not increased 
the S. B. Avas more than 50 mm. 

Still’s disease: In 2 of the patients, Avho Avcrc in an actiA'c phase 
of the disease, A. S. T. is increased. In one of them 11011101)4)10 
streptococci were demonstrated in the throat. In the third case 
the A. S. T. Avas 90 (Pat. nr. 182). This Avas a S'/s years old girl, 
who had suffered from rheumatic fcA'cr about 10 months earlier. 
She Avas uoav in a clinically inactiA'c phase of the disease, but AA’ith 
an S. B. of 34 mm. 

In these 3 cases of Still’s disease the A. S. T. thus behaves as in 
chronic, secondary polyarthritis. 

Peritendinitis: 1 case Avith an increased A. S. T. folloAA'ed as a 
complication to an acute maxillary sinusitis, and disappeared 
Avith the treatment of the sinusitis. 

Arthrosis, sjjondyJosis: 4 patients shoAA’cd an increased A. S. T. 
Among these 1 in addition had an infiltration of the lung, and in 
2 the A. S. T. shoAved border-line A'alues (200, 240). 

Bone tumours: In 1 patient Avith cancer inctastases to the co- 
lumna A. S. T. in the first sample AA'as 800, in the next only 40. 

Other diseases: This sub-group includes scAmral different con- 
ditions, partly of obscure etiology. Many of them are inflam- 
mations (osteomyelitis, spondylitis etc.), AA’herc an increased 
A. S. T. can be expected. 


11. Urinary complaints. 

1. Acute nephritis. 

21 patients suffering from acute nephritis AA'ere examined. In 8 
of them information of preceding disease AA'as giA'cn, viz.: angina 
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tonsillaris 2, pyodermia 2, infected wound 1, mastitis 1, osteo- 
myelitis 1, scarlatina 1. 

A. S. T. was increased in 18 of the patients, all typical cases. 
Among the 3 patients where A. S. T. was not increased, 2 were 
typical cases, while the 3rd was characterized as atypical, with 
few objective findings. 

In the cases where more titrations were done in the same 
patient, we could find no parallelism between' A. S. T. and blood 
pressure-urine findings. A. S. T. is already increased in the first 
days of the disease and may remain increased for months, even a 
long time after the blood pressure and the urine have become 
normal. 

In such a small material it is difficult to find out if the serious 
cases are accompanied by a high A. S. T. and the light cases by 
a low titre. The only one of our cases which was characterized as 
light, however, had a normal A. S. T., while the onl)' one of the 
patients who died, had a titre as high as 1,000. This was in the 
5th week of the disease, 3 days before death. 

2. Chronic nephrilis. 

Among 7 patients with chronic nephritis 6 were in an active 
phase and 1 in an inactive phase, the last one with an A. S. T. 
of 40. Among the G active cases 4 had a moderately increased 
A. S. T., the highest titre was 280, viz. much lower than in acute 
nephritis. In 2 patients the A. S. T. Avas not increased. One of 
them Avas a patient A\’ith subchronic nephritis in the third month, 
after pregnancy, and the other a case of strongly nephrotic char- 
acter. 

Table 4. 

A. S. T. in diseases of (he urinary (rad. 

A. S. T. 



0-99 

100-199 

>200 

All 

Acute nephritis 

0 

1 

18 

21 

Chronic nephritis 

1 

2 

4 

7 

Other urinary complaints 

11 

G 

7 

24 


3. Other %irinary complainis. 

Among 24 patients suffering from other diseases in the urinary 
tract (nephrosis, cystitis, pyelitis, albuminuria, hematuria) 17 
had a normal and 7 an increased A. S. T. Of these 7, 4 are only 
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doubtfvilly increased, with titres of 200, while 3 are distinctly 
increased. These are: 

Pat. nr. 313: A. S. T. 480. 2 years ago acute nephritis, now 
pains in the back, albuminuria. 

Pat. nr. 316: A. S. T. 350. Hematuria of unknown etiology, 
reduced clearance. 

Pat. nr. 322: A. S. T. 1,000 and 1,280, pyelitis. 

In all these 3 cases hemolytic streptococci may have played a 
role. The group contains 3 cases of nephrosis, all with a normal 
A. S. T. 

Table 4 distinctly shows the difference of A. S. T. in the 3 
groups of urinary diseases, in accordance with the results of ear- 
lier authors. In acute nephritis the A. S. T. is nearly always in- 
creased. In typical cases where A. S. T. is not increased it has 
been assumed that other microbes than hemolytic streptococci 
are the cause of the disease. In chronic nephritis the frequency 
of increased A. S. T. is smaller, while only a small part of patients 
with other urinary complaints have an increased A. S. T. 

III. Angina tonsillaris. 

A..S.T 0-99 100-199 >200 

Number of patients 0 0 6 

In accordance with earlier investigations all 6 patients suffering 
from angina tonsillaris show an increased A. S. T. In 2 of the 
patients the A. S. T. was increased already in the first week 
(600, 220). 


IT. Erythem.a nodosnin. 

Table 5. 

A. S. T. in erythema nodosicm. 

A-S.T. 
0-99 100-199 


Tuberculous etiology 1 3 

Sheumatic etiology 0 0 

Obscure etiology q 0 


>200 

2 

3 

3 


A. S. T. has been determined in 12 patients suffering from 
erythema nodosum, 1 man and 11 women. In some of the cases 
the etiology of the disease may have come into a different light 
after the examination of A. S. T. We have classified the material 
according to the clinical diagnosis, regardless of the A. S. T. 
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Among 6 cases of a probably tuberculous origin 4.- liave a normal 
A. S. T. and 2 an increased A. S. T., 1 of which recently had a 
sore throat. All 3 cases of er}’thema nodosum of a probably 
rheumatic origin show an increased A. S. T., and 3 cases with 
an obscure etiology are also increased. Even if the material is 
small it definitely shows that X. S. T. is increased in erythema- 
nodosum of rheumatic origin, and for the most part normal when 
the origin is tuberculous. But as the tuberculous primary infec- 
tion frequently is accompanied by infections in the nose and 
throat, such as an angina tonsillaris, which may increase the 
A. S. T., this circumstance must be taken into consideration when 
the result of the titration is judged. The value of the reaction is 
thus a little doubtful in erythema nodosum. 

y. Erythema inultiforme. 

A. S. T. was examined in 4 women suffering from erythema 
multiforme. 

A.S.T O-nO 100-190 >200 

Nurabor of patients 1 1 2 

In 2 patients A. S. T. was increased. The first one had suffered 
from a sore throat for a long time, and the second patient had 
recurrent pains in the joints for 1 year, with an acute relapse. 
In these 2 cases a rheumatic origin is thus quite probable from 
a clinical point of view, and the results of A. S. T. support it. 

TI. Pleurisy. 

A.S.T 0-99 100-199 >200 

Number of patients 1 0 S 

Among 4 patients suffering from pleurisy of obscure etiology, 
3 had an increased and 1 a normal A. S. T. 

YII. Other diseases. 

The group consists of 133 patients with different diagnoses, 
which have not been mentioned above. As far as possible we have 
classified the cases in sub-groups. 

Infections, where Umohjlic streptococci were isolated. In 2 patients 
the A. S. T. was increased to 600. The first case was a septicemia 
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where hemolytic streptococci were cultivated from the spleen 
post mortem. The second case was a pericarditis where the mi- 
crobe was cultivated from the pus. In the third case the A. S. T. 
was 180 during the second week. This wms a boil where hemolytic 
streptococci were isolated from the pus. 

Table 6. 


A. S. T, in a mixed gmtp of diseases. 



0-99 

A. S. 

100-199 

T. 

>200 

■ 

Infections, hem. streptoc. -h 

0 

1 

2 

3 

Other acute infections 

2 

4 

12 

18 

Scarlatina 

0 

0 

1 

1 

Septicemia, pyemia 

0 

0 

4 

4 

Sinusitis 

1 

0 

3 

4 

Febris catarrhalis 

0 

1 

4 

5 

Febris causa ignota 

3 

6 

3 

12 

Pneumonia 

2 

2 

9 

13 

Purpura rheumatica 

i 

0 

0 

1 

Mononucleosis infectiosa 

0 

1 

0 

1 

: A.sthmn bronchiale 

1 

1 

1 

3 

' Meningitis chronica 

0 

0 

6 

6 

Boeck’s sarcoid 

0 

0 

3 

3 

, Lymphogranulomatosis 

0 

0 

1 

1 

' ilyelomatosis 

0 

2 

0 

2 

i Leukemia 

1 

1 

0 

2 

1 Cancer, sarkoma 

1 

1 

4 

G 

Other diseases 

14 

15 

19 

48 

Total 

26 

35 

72 

113 


1 case of scarlet fever showed an increased A. S. T., which was 
to be expected. 

4 cases of septicemia, in which no microbes had been isolated, 
all showed an increased A. S. T. 

Among 4 cases of sinusitis 3 showed an increased A. S. T. 
(200, 250, 480). That can easily be explained from the fact that 
hemolytic streptococci are frequently cultivated from patients 
suffering from sinusitis. 

Febris catarrhalis: 5 cases, among them 4 increased (140, 200, 
200, 320, 400). 

Among 12 cases of febris causa ignota, however, only 3 are 
increased. 

Among 13 cases of pneumonia as many as 9 are increased, with 
litres between 200 and 1,280. 6 cases are complicated (poly- 
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arthritis 2, pleurisy and pericarditis 4), 5 of which show an in- 
creased A. S. T. 

It is extraordinary that all 6 cases with the diagnosis whronic 
meninoilis)} have a definitely increased A. S. T., between 300 and 
1,G00. 

BoecFs sarcoid: 3 cases, all witli an increased A. S. T. (400, 
220, 850). In one of the ])atients the diagnosis is; )>lymphadenitis, 
Boeck’s sarcoid'?^ 

In the sub-gronp cancer, sarhoma 4 of the 6 patients have an 
increased A. S. T. That can probably be explained as an increased 
frequency of streptococcal infections, due to the lowered general 
condition of the patients. 

Suiiimnry and Conclusions. 

1. The antistreptolysin reaction has been done in 495 patients. 
The material is mixed and unsclectcd, and comprises all titra- 
tions made in tlic institute. Previous authors most frcqucirtly 
liave examined a selected material. We were of the opinion that 
it might be of interest, especially to the physician, who makes 
use of the reaction just in the atypical cases, to investigate an 
unselectcd routine material. 

2. The reaction was performed after the technique described 
by Ivalbak. An A. S. T. above 199 was regarded as increased. 

3. A. S. T. was increased in 89 % of the patients (79) witli 
rheumatic fever. A definite correlation between the course of the 
disease and the A. S. T. was found, with low titres in the mild 
and high titres in the severe cases. 

4. Among 80 patients suffering from chronic pol 3 Larthritis all 
10 patients with primary, chronic polyarthritis had a normal 
A. S. T. In 52 patients with secondary, chronic polyarthritis 
A. S. T. was increased in 39 cases, and by preference in the active 
cases. 

5. 116 patients, suffering from other diseases in the joints and 
muscles, were examined. A. S. T. was increased in 61 cases. In 
most of the cases where A, S. T. was increased this was in agree- 
ment with the etiology and course of the disease. 

6. Among 21 cases of aebte nephritis the A. S. T. was increased 
in 18. 

7. 4 out of 7 patients with chronic nephritis showed a moder- 
ately increased titre. 
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8. Among 24 patients suffering from otlier diseases in tlie 
urinarj^ tract 7 shoived an increased A. S. T., whereof 4 were 
doubtful, with titres of 200 only. 

9. G patients with angina tonsillaris all had an increased, 

A. S. T. 

10. In 12 patients suffering from erjiihcma nodosum the I 
A. S. T. w'as examined. When the etiology was rheumatic the 
title was increased, and in the tuberculous cases mostly normal. ' 
A. S. T. may be increased in tuberculous erjishema nodosum too, 
due to infections in the nose and throat which frequently accom- 
pany the primary infection. 

11. Among 4 cases of erythema multiforme A. S. T. was in- 
creased in 2, in which, also clinically, a rheumatic origin was 
probable. 

12. The A. S. T. was increased in 2 of the 3 cases of plerrrisy,. 
where the etiolog)^ was obscure. 

13. Among 133 patients suffering from other diseases the 
A. S. T. was increased in 72 cases, most of which ivere infections 
ivhere hemoljTic streptococci could be expected to liave played 
a role. 

14. The reaction is a valuable aid to the physician, especially 
in obscure diseases of the joints and lddne}"s. hlore than one 
sample from each patient must always be examined, and the 
results imrst not be judged alone, but in relation to the clinical 
state. 
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Are Non-Nuclealed Erytlirocytcs Formed by 
Budding oil* of Cytoplasm from Normoblasts ? 

By 

LISA BOSTROM. 

(SnbmUtcd for publication October 8, 1917.) 


Ever since Neumann in 1868 demonstrated nucleated red blood 
corpuscles in tlie bone marrow, it lias been assumed that the non- 
nucleated erythrocytes of tbe blood axe formed from these ele- 
ments. Thus it has been supposed that the blood corpuscles 
develop from proerythroblasts into acidophil normoblasts which 
later become denucleated. 

The fact that tire nucleated cells of the marrow arc not suffi- 
cient to supply the enormous amount of new red cells required 
every day — about 25 x 10'“ lias been assumed to be com- 
pensated for by a rapid proliferation of normoblasts. But what 
becomes of all the nuclei? 

Schilling (1) suggested that the thrombocytes Avere the cast off 
nuclei of erythrocytes. Schilling’s »Plattchen» theory, however, 
collapses with Wright’s interpretation of thrombopoiesis as bound 
up Avith the megakaryoc 5 >tes. No support for the older conception 
of karyorrhexis and karyolysis is found in normal marroAv. Cellular 
nuclei down to 3 or 4 /;t in diameter ate seen, and then they dis- 
appear completely (1). On the other hand, free nuclei and ex- 
centricaliy situated ones are often seen iii the marrow. According 
to Rohr (2), one is forced to assume from, these observations that 
»the denucleation takes place through the extrusion of the nucleus)), 

20 — ^i8217-^i. Acta mod, scandinav. Val. GXXXI. 
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As late as 1944 Leitner (3) expressed Ids agreement with Nac- 
geli’s (4) theory of intracellular nuclear disintegration. In 1938 
Schilling (5) pointed out the obscurity on this point. After men- 
tioning lacunae in other fields of hematology, he said: AYhat is 
still more remarkable is that the question of the denucleation of 
the ml cells is still unsettled. Most histologists ignore this point 
or keep to the old conception of intracellular disintegration, 
though one never sees the necessary intermediate stages, or of 
nuclear extrusion, convincing pictures of which are only seen 
in toxic anemia. Whatever the case, the nucleated erythroblast, 
which is so difficult to digest, must be dcnucleated by some 
organic process of maturation. Othenrisc the whole theory that the 
non-nuclcatcd ml blood corpuscles come from miclcatcd oucs is wrong. 
(The italics are Schilling’s.) 

The important problem of the way in which the erythrocytes 
pass from the parenchyma of the bone marrow into the circulating 
blood is also unsolved. It has been a moot question whether the 
vascular system in the bone marrow is open or closed. First it 
was believed that the marrow lacked an orderly vascular system. 
Injections of india ink, however, have demonstrated the presence 
of a distinct capillary net. In 1922 Doan (G) proved, in his opinion, 
that the vascular system was closed, and most histologists since 
then agree with him. Rohr (2) said that the parenchyma of the 
bone marrow was sliickenlos geschlosscm) in relation to the bone 
marrow. 

The American scientists, Doan, Cunningham and Sabin (7) 
assumed that the red blood corpuscles arc formed intravascularly 
in vascular areas which were cut off from the circulation. When 
the blood corpuscles arc mature, they reasoned, these reserves 
open up. They did not present any microscopic support for their 
assumption, which is naturally based on Sabin’s (8) fascinating 
observation of the formation of blood corpuscles inside the blood 
vessels. 

Maximow (9) said that in all mammals t he red blood corpuscles 
are formed in the reticular tissue between the vessels. Turnbull (10) 
said that there was no doubt that erythropoicsis in human marrow 
takes place extravascularly. This is seen clearly, he stated, when 
the reticulum is stained with silver. The er}’thropoictic cells arc 
then seen lying in the reticulum outside capillaries, often directly 
beside them. Groups or islands of these cells arc often traversed 
by fibrils of the retievdum. 
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deficiency and in. clinical pellagra, associated or not witli cardiac 
symptoms, has been definitely proved. 


Absence of ‘parallelism between the electrocardiographic alterations 
and other pellagra manifestations. 

In the pathogenesis of the pellagra-tracing, the absence of 
parallelism between the general trend of the disease and the 
cardiographic alterations is a further unsettled problem. 

The fact has already been noted by Weiss & Wi linns (29). 
They observed severe heart failure with or without abnormal 
tracings and in other cases cardiogi-aphic alterations without 
cardiac symptoms; they noted similar irregularities with reference 
to anatomical myocardial damage. In the induced thiamin de- 
ficiency of rats Weiss, Haynes & Zoll (30) found in different 
experiences with the same animal various patterns of cardio- 
graphic deformations or absence of abnormalities. 

We encountered the same lack of conformity in pellagrins. 
Actually we have never seen serious pellagra of longer dm'ation 
without abnormal tracings; this could be anticipated, since pellagra 
cardiograms were present in three quarters of the patients; 
however, there was no relation between the presence or intensity 
of the cardiographic changes and the diu’ation, severity or pre- 
dominant localisation of the pellagra manifestations. During treat- 
ment there was mostly a parallelism between the electrocardio- 
graphic development and the general trend of the disease; ho-vve- 
ver, we have reported several notable exceptions. 

We assume, that these irregularities are due to the interaction 
of other B-factor deficiencies; deficiency of a second factor can 
foster as well as prevent the production of myocardial damage 
produced by a primary deficiency; this unexpected fact is shown 
by experiments of Follis, Orent-Keilles & McCollum (6), of 
Follis (I) and of Thomas, Mylon Winternitz (27). 

The question, if protein deficiency — a frequent condition in 
pellagrins — modifies the influence of B-factors on the cardiogram 
has not been systematically investigated. In a case of extreme 
hypoproteinemia, however, observed by Killian & Ingelfinger (12) 
the tracing was normal. 

3Ioreover the speed of the depletion has a bearing on the 
clinical phenomena of a deficiency disease. This was experimentally 
shown by Swmnk and Bessey (25) in the thiamin deficiency 
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are seen, from vermiform appendages (fig, *1 b) to the tack-like 
processes of the normocytes (fig. -1 c). Drop-shaped corpuscles 
with a Idunt, ta])ering place of attachment, instead of a process 
are also seen (fig. 4 d). 

Poikilocytes can be. visualized in living blood as well. There 
the processes are seen jirojocting gnicefully from the edge of the 
rouleaux'. The cxtermil ti]) is generally thickened into a bud. 
The process is seen as a ]iermanent. deformity, remaining the 
same however the corpuscle whirls about, in the blood. The gentle 
rounding at the base of the stalk is characteristic. Straight out- 
lines are only observed when the elastic corjni sole, is .stretched 
after having fastened on some unevenness in the slide. 

It is seen clearly in living blood that the poikilocyte is disk- 
shaped. Thus in reality it is not pear-shaped or ilrop-shaped as 
it appears in smears. Instead it has the sha])e of a racket or hand 
mirror. The ])rocess always proceeds from the edge of tlie disk. 
The budding figures wliicli Sclmltz and Bnding (M) a?ul Habel- 
mann (15) observed in immature, blast colls would no doubt bo 
dropsbaped in living blood. Tbongli tboir observations sn])port 
my working hypotbe.sis to a certain degree, they do not help to 
explain how the disk-shu])cd ])oikilocytos are. formed (fig. G b — c). 

Since this form of poikilocyto.sis evidently occurs in the pro- 
cess of ucw foriuation, it is suggested that it lie called regenerative 
poikilocytosis. 

lu high-grade hypochromic anemia when the erythocytos arc 
extremely thin, poikilocytosis of another type is often seen. The 
blood cells are then pale and tattered. Some cells liavc two or 
more processes. On these occasions one always sees small holc- 
iike defects or perforations in a number of otherwise faultless 
blood corpuscles. Some corpxiscles show only a little circular 
perforation close inside the outer edge. Others have large projec- 
ting defects. Often the rounded outline of the cell is preserved only 
by a thin bridge of hemoglobin on one side (fig. 4 c). Tlie per- 
forations arc best observed in stained smears. There the hemo- 
globin is seen collected around the hole in the same way as aronnd 
the outer edge of the disk. This is important to remember when 
differentiating perforations from other pale spots occiirring when 
the preparation is badly smeared or slowly dried. The perforations 
arc also seen in living blood. Thus they cannot be artefacts. If 
a hemoglobin bridge bursts, a poikilocyte with two processes is 
the result (fig. 2). If several holes develop in one cell, the most 
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Kotlculocytosis. 

All hematologists arc agreed that reticulocytes arc immature 
erythrocytes. They arc a normal comiionent of the blood and their 
number increases with increased formalion of cells. They arc 
demonstrable by .staining with brilliant cresyl blue or other 
basic dyes. Sujn-avital staining must be used for this purpose. 
In other words, the staining must be done on living blood. The 
svibstancc reacting to the vital dye is distributed in a net within 
the blood corpuscle. Hence the name reticulocyte. This is not 
a good name, however, for it suggests the reticular endothelium 
(12). Before the staining the con\ponent reacting to the vital dye 
is diffusely distributed throughout the immature blood cor- 
puscle. In ordinal')’ smears stained according to Pappenheim 
it is manifested as polychromasia. 

Hoilmcycr (20) classified reticulocytes into four groups ac- 
cording to the degree of maturity. Group I is the mo.st immature 
and contains large quantities of material reacting to vital stains. 
Group II and III show a progressive decrease in the amount, 
while group IV has only a few grains left, 

Gripwall (21) showed that the reticulocytes have such a spe- 
cific shape t hat they can be distinguished in living blood without 
any staining. He first observed them in a cose of hcmol)i^,ic ic- 
terus where they produced so-called hazy sedimentation. They 
lag behind in the sedimentation of citrated blood and give the 
plasma layer a diffuscl)’ reddish tinge. When they are finally 
precipitated a few hours later they are found on the .surface 
of the blood cells. Gri])wall found nhilus shapcs», as he called 
them, in all his normal cases. 

I (22) had already observed these peculiarly .shaped erythro- 
cytes in 1930. However, my observations were not published 
until later in conjunction with Gripwall’s discovery. They fit 
like a missing link into the budding hypothesis (fig. 1). 

Tliey consist of non-nucleated blood corpuscles of a softly 
undulated shape which against the light appear to be pursed to- 
gether at one area. I have previously called tliem sbundlesi), 
as this name gives the best idea of their appearance (fig. 3.). 
They vary in shape, however. Some arc twisted like a propeller. 
According as the shape is simplified, the amount of substance 
reacting to vital dyes decreases. One is tempted to sort their 
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shapes into a sequence, the last stage of which is the normal, 
disk-shaped erythrocyte. 

Since this type of cell is a well-defined stage between the normo- 
blast and the mature, disk-shaped erythrocyte, it is suggested 
that it be called prociythrocytc. 

The proerythrocyte is most easily demonstrated in citrated 
blood. Because it has no tendency to aggregate it is seen lying 
free between the rouleaux of blood corpuscles. It is easily detec- 
ted in smears because of the pursing of its outline and its poly- 
chromatic staining. In supravital staining it is seen as a reticu- 
locyte of groups I or II or sometimes III. Group IV is disk -shaped. 
The proerythrocyte is of slightly larger diameter than the mature 
erythrocyte in smears. Because of its slightty spherical form it 
appears slightly smaller in living blood. 

In excessively active crythropoicsis, such as occurs after a 
large hemorrhage, the number of procrythrocytes is greatly 
increased. The greatest increase is seen in hemolytic icterus and 
in the first stage of remission in pernicious anemia, thus on the 
same occasions as the greatest reticulocytosis. 

Proerythrocytes are much more numerous in the marrow than 
in the blood (23, 24). On increased cry^thropoicsis, masses of these, 
elements are seen in the sternal marrow. Because they have not 
the same tendency to aggregate as the mature erythrocytes, they 
are often unevenly distributed in supravital staining. 

0. M. Plum (25) and B. Plum (26) showed that the matimation 
of the reticulocyte was favored by a specific hormone, the reti- 
culocyte maturity hormone. Cattle, which lack reticulocytes in 
the blood, have normally a large quantity of this hormone. Guinea 
pigs, whose blood contains an abundance of reticulocytes, have 
only a small quantity. 


Erytliroblasts in Blood and Bone Marrow. 

Most of the earlier observations concerning nucleated red 
blood corpuscles have been made in circulating blood and dissec- 
ting-room material. The erytliroblasts seen in the peripheral blood 
originate almost entirely from extramedullary erythropoiesis (2), 
The blood is not the right environment for erythr oblasts. Thus 
degenerative changes, such as pyknotic or split nuclei, are often 
seen there. After-ripening of the cytoplasm also occurs, accounting 




1. Sclioinntic hypothcticnl picture of t!u- wall of a mcchilliiry Kiiuis, sliowin'' 
liow a rcgenorativo poikilooytc develops (cp. fig. 4 a — cl). 



atcdefg h 

Kig, 2. Sehomatio hypotlielical picture showing how a degenerative poikiloeyto 
ilevclops. The pcirforations increase in siv.c and fitcally rupture the otttcr surface 

of the cell. 



I'ig. .3. Proerylhrocyte.s (= unstained reticulcjcytes) in living hlood. J’liolo- 
niicrograph X 1,000. The cell at the e.xtreine right i.s the most mature (ep. the 
cell at the e.xtreine left in fig. 1). 


Bostuu.m: Non-Niiclcatod Erythrocytes. 
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u. Nuclenr conlracti(>ns in intciiHo ('lytliropoicsi?. 

1). Xonnoblnst with a contracting nucleus and a "iant cytoplasm, showing the 
great capacity of this ty])c of cell to form hcmoglohin-holding cytoplasm. The 
cytoplasm of this cell could make alioiit ten pinery throcytes. It was taken from 
a ease of pernicious anemia during the procc.ss of normalization, 
c. Xormohlast syncytium during normalization in jicrnieious anemia (same ease as 
in h.) I'holomicrographs 1,000. 



l-'ig. 8. 

a — e. Nuclear thread.s hetween crythrohlast twins in sternal marrow. According 
to the author. Cabot’s ring bodies in cirenlating blood arc due to these 
threads. Piiotomicrograjihs ;• l.CCO. 



a — d. Different types of Cabot’s ring bodie.s in circulating blond. 

e. Normoblast with satellite gramdes in the cj'loplasm. According to the author, 

.folly liodics in eiy'throcytcs arc caused hv these granules. Photomicrogratih 
1 non V o Cl 


Bostrom: Non-Nucleatecl Erythrocytes. 
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for the frequent observation of acidophil normoblasts in periph- 
eral blood. 

The rapid alteration after death has been described by Kohr 
and Hafter (27). They showed by series of sternal imnctures in 
the dying and dead that the erythropoietic cells began to degener- 
ate already during the death struggle. One minute after death 
twenty -four per cent of the normoblasts were changed and twenty 
minutes after seventy percent were karyorrhexic. Cellular studies 
carried out on autopsy material, therefore, should be regarded 
with criticism. 

Not until sternal puncture according to Arinkin was accepted 
as a routine method, did the bone marrow become accessible to 
studies on a large scale. Though the fixed cells of the marrow 
are seldom included in the punctate and though the cells are 
wre.sted from their natural environment, sternal pimcture has led 
to gi-eat progress in hematologic research. 

Here I shall only disemss the erythropoietic part of the marrow. 
iVs customary, the term crythroblast is used to cover all forms 
of nucleated red cells concerned in erythropoicsis in mammals. 
Normally, the procr}'thrQblast is the most immature form of 
these cells. It is a large cell with a pale nucleus and nucleoles. Its 
protoplasm stains deep blue. The next stage is the normoblasts 
with their characteristic nuclei. They fall into four groups, viz., 
large basophil, small basophil, polychromatophil and acidophil 
normoblasts. It shoidd be noted that the acidophil normoblasts 
have the same color as the mature non-nucleated erythrocj’tes. 
The different groups of normoblasts arc not sharply demarcated 
from one another. The cells always seem larger in thin smears 
than in thick ones. The staining is also more basophil in thick 
smears. 

The small basophil and polychromatoj)hil normoblasts domi- 
nate in normal marrow. Their nuclei arc small and dense and stain 
a deep dark blue, showing up distinctly among the other ele- 
ments of the marrow. They are generally considered pylcnotic. 
It is true that no nuclear structure can be distinguished in thick 
smears. In thin ones, however, one sees a characteristic mosaic- 
like structure often showing a tendency to radial arrangement. 
The nucleus usually lies in' the center of the cytoplasm. The 
cytoplasm varies a great deal. It is sometimes almost entirely 
lacldng or confined to a narrow basophil fringe around the nucleus, 
making it difficult to distinguish the cells from small lympho- 



312 


MSA BOSTROM. 


cjtes and reticular cells. Seldom is the cytoplasm sufficient to 
bring the cell to the size of a non-nucleated erythrocyte. The 
outlines are slack or lobulated and not so clearcut as those of 
the mature erythrocyte. The cytoplasm is cloudy and its staining 
reaction \mries between purely basophil and polychromatophil 
Acidophil normoblasts practically never appear in normal marrow. 

In intense erythropoiesis in normal marrow, such as occurs 
after a large hemorrhage, excentrically situated nuclei is a com- 
mon observation. The nucleus is not seldom seen lying more or 
less to one side of the c 3 rtoplasm. Nuclei without any cytoplasm 
are also observed. However, a Dcorona)) of hemoglobin-free cyto- 
plasm is generally seen around these »free)> nuclei. When the efy- 
thropoiesis is extremely intense, the normoblast nuclei are often 
dented or segmented (fig. 7 a). Howell-Jolly bodies are not seen 
in normal erythropoiesis. The smallest nuclei are 2 to 3 in dia- 
meter. Pseudopod-like buds of hemoglobin-containing cytoplasm 
are commonly found (fig. 5 a). Normoblasts of the same degree 
of maturity not seldom collect into clumps, into what 
appears to be fragments of large syncytia. These clumps of nor- 
moblasts are usually strewn over by reddish-violet granules of 
the Iciiid seen in Ferrata cells. Ferrata cells with a highly granular 
flowing cytoplasm also occur. 

The marrow picture in untreated pernicious anemia varies 
greatly from the normal. Large immature embryonic cells dom- 
ijiate. There is a great increase in mitosis. Only a few normal 
normoblasts are seen. On the other hand, there is a large increase 
in the number of acidophil normoblasts and normoblasts showing 
punctate basophilia. Their nuclei are often structureless and 
pyknotio, and the cells are probably dying or dead. Degenerated 
cells of all types also occur. Karyorrhexic nuclei, with granular 
satellites around an almost normal-sized nucleus, are also not 
infrequently present. I have observed "fairly coarse threads con- 
necting the nuclei of pairs of erythroblasts. Erythroblasts con- 
nected in this manner are always exactly alike (fig. 8 a — c). The 
thread is very graceful and can be traced all the Avay in to the 
nucleus. It generally stains red, but it may also be blue or color- 
less. Coarse nuclear threads between erythroblasts are only seen 
in grave disorders of erythropoiesis, though they are not specific 
of pernicious anemia. Fine threads between normoblasts is a 
relatively, common observation. Segerdabl (28) bas a picture of 
a set of megaloblast twins connected with a nuclear thread in 
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her thesis. She believed that tlie thread was coinpo.sed of proto- 
plasm and was the I’emainder of a cellular division. Budding off 
of cytoplasm from giant megaloblasts is .seen in grave anemia (14) 
(fig. 0 c). Free bits of cytojdasm from other marrow cells are also 
seen (monocytes? Feri-ata cells?). Only a few proer}i'.hroc}i;cs 
are observed. 

On the institution of specific treatment with liver prepara- 
tions or folic acid, the marrow becomes normal in the cour.se of 
a few days, the picture clianging from megaloblastic to normo- 
blastic. Large syncytium-like groups of normoblasts are a com- 
mon observation during this proec.'^s. Dense I'blood islands*) con- 
taining about a hundred fairly similarly sized normoblast nuclei, 
held together by a thin hemoglobin-free cytoj)lasm, are often 
seen (fig. 7 c). I ob.scrved several normoblasts with a giant poly- 
chromatic cytojilasm in one ca.se (fig. 7 b). Large masses of pro- 
erythrocytes (reticulocytes) arc always seen during the process 
of normalization. A relatively largo number of acidophil normo- 
blasts and cryt liroblasts with degenerated nuclei also occur. 

Cnpillaries of the Bono .'Harrow. 

Bizzozero (29) pointed out as early as ISSl that jnore than 
half of the bone marrow consi.stcd of blood vo.ssels. According to 
Doan (0), there are many inore vo.ssels in the marrow than neccs- 
.sary for circulation, but a large number of them arc collapsed. 

Like other capillaries, the capillaries of the marrow have uni- 
cellular walls. AVlien they dilate, however, their lumina become 
the size of that of a vein. 'When they widen to this e.vtent, 
the wall must become e.vtrcmely thin, if not actually lacking in 
.some places, Doan (G), who calls these capillaries »intersinusoidal», 
believes that there is a fairly rapid variation in the width of 
the vessels. "Whole groups of capillaries dilate or collapse at the 
same time. 

Normal erytliropoiesis takes place in spongy bone (chest bones, 
ribs, vertebrae). The hematopoietic parenchyma is thus enclosed 
in small cavities of bone. 

Di.scus.sion. 

My budding hypothesis, supported by the aforementioned facts, 
was first presented in a preliminary report in 1938 (22). It was 
described in more detail in a Swedish journal in 1941 (11). Al- 
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ready in 1938, I pointed out that it was very likely that one nu- 
cleated erythroblast gave rise to several non-nucleated erythro- 
cytes by constricting off cytoplasm. 

The first fact which supports my hypothesis is that the nu- 
cleated cells of the marrow are not enough to compensate for the 
continuous disintegration if it is assumed that every blood cor- 
puscle has once had a nucleus. The figures tally better if a mul- 
tiplier is inserted in the process. 

Another thing which bears out the hypothesis is the difficulty 
in explaining where all the nuclei disappear. If it is only a question 
of budding off of a piece of j)rotoplasm, the mother cell would 
be left intact, and no disintegration of nuclei would be necessary. 
This would explain why only normal-sized nuclei, if any, are 
found in normal erythropoiesis. 

Excentrically situated nuclei and »detachment figures# may he 
jrhenomena which occur while the cj'toplasm is in the process 
of detachment. One is not forced to assume that the nucleus is 
extruded, as Eohr (2) stated. The problem outlined by Schilling (5) 
at the beginning of this article is satisfactorily explained. 

The question of the way in which the erythrocytes pass from 
the parenchyma of the bone marrow into the circulating blood 
solves itself, even though the vascular system is closed. Whether 
or not there is a continuous circulation of blood through the ca- 
pillaries of the bone marrow is of no significance. 

The controversy on whether erythropoiesis takes place within 
the vessels, as Sabin (7) believed, or outside the vessels, as Turn- 
bull (10) believed, is settled. According to the budding hypothesis 
both are right, for it assumes that the first phase of erythropoiesis 
takes place extravascularly and the second phase intravascularly. 

If, as I assume, the erythrocytes are formed by budding off 
from erythroblasts, a certain degree of anisocytosis is not sur- 
prising. What is more surprising is that the erythrocytes are so 
similar in size in normal blood. The budding hypothesis provides 
a simple explanation for the small fragmentary blood corpuscles 
as well as for the giant ones. 

The regular occurrence of regenerative poikilocytosis in cer- 
tain conditions, both in smears and living blood, belies any take 
about artefacts. Edema being one of the characteristics of per- 
nicious anemia, the assumption that the vascular walls are thickened 
in this disease (fig. 1) is not without reasonable foundation. 
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IVorking Hypothesis. 

The theory of er)d;hropoiesis hott to be presented was suggested 
by my observations in circulating bloood. The stallc-like processes 
on the edge of the er}d;hroc 5 d;e disk seen so often in poildlocytosis 
are assumed to be real stalks by which the erythrocytes were once 
attached to the capillary wall. Figure 1 is a schematic representa- 
tion of the formation of poildlocytes as I presume it to take place 
( 11 ). 

As seen from the figure, stalldess blood corpuscles would be 
formed when the capillary wall is extremely thin, as in normal 
circumstances. A thickened wall, or at any rate an abnormally 
long distance between the mother cell outside the vessel and the 
erythroc}d;e inside the vessel would require a bridge between them. 
The adherence of this link to the cell when it is detached would 
explain the stalk-like process of the poildlocyte. The process 
would thus be a malformation Avhich reveals something of the 
mechanism of erythropoiesis. 

This interpretation of the processes leads to a new interpre- 
tation both of the denucleation of blood corpuscles and of their 
manner of passage tlirough the vascular wall. 

By fitting in well-known morphologic facts with this working 
hypothesis, I shall now attempt to answer the question in the 
title of this article. 


Poildlocytosis. 

Irregularly shaped er 3 d;hrocytes of all kinds are given the com- 
mon name of poildlocytes. They may have the shape of pears, 
bullets, amdls, molars or other objects (4). Most hematologists 
believe that poildlocytes are formed secondarily in circulating 
blood under the influence of non-isotonic plasma. It is presumed 
that blood corpuscles of these irregular shapes are of inferior 
quality from the start (Ehrlich, Naegeli) (4). Schulten (12) stated 
that poildlocytes were artefacts produced when maldng the 
smears. 

Many attempts have been made to explain poildlocytes. Eb- 
becke (13) considered that they were forerunners of spherocytes. 
Schultz and Ending (14) observed budding off of protoplasm from 
megaloblasts in a case of pernicious anemia, and believed that 
this explained the development of poildlocytes. Shortly after- 
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without any colloids, siicli as liingcr solution or physiologic salt 
solution. The membrane, which is not stretched M'hen the cell is 
disk shaped, becomes loo large when it changes to the sliape of 
a sphere. Thus it may be that it is the fluid pressure, acting 
equally on all sides, which com])rcsses the blood corpuscle into 
the well-known crenated sha])e. Then it would not be a question 
of shrinking in the ordinary sense (17). Ebbcckc (13) showed that 
disk-shaped ])lood corpuscles change to the crenated shape when 
they are ex])oscd to strong pressure. There is then no change in 
the volume of the cells, only a re-arrangement of their contents. 
It is probably well known that the tendency to aggregate is in- 
separably connected with the disk shape (17). Neither proery- 
throcytes nor spherical crenated erythrocytes aggregate, and 
therefore lag behind in the sedimentation in citrnted blood, sepa- 
rating from the other cells. 

The accumulation of polychromatic hemoglobin-holding cyto- 
plasm around normoblast nuclei which I observed in 19-11 (11) 
supports the assumption that the normoblast is able to form many 
non-micleated ertTlirocytes. Figure 7 b shows a normoblast vith 
enough cytoplasm to make at least ten cr}’throc}des. There w.as 
obviously some hitch in the budding-off process in this case. If 
the formation of new C)doplasm keeps even pace ■with the budding 
off, the capacit}^ of the normoblasts to form new cells is not ob- 
servable. It is most likely that normally the normoblast sheds 
one eiqdhroblast at a time. The normoblasts with giant cytoplasm 
observed the day before the peak of a cri.sis of reticulocytes, 
however, indicate that several blood corpuscles can be detached 
simultaneously. The detachment quotient probably adapts itself 
to the need of new cells. 

Sternal puncture according to Arinldn was introduced in our 
clinic around 1930. My working hypothesis, which was based 
on observations in circulating blood, 'ivas then ready. The routine 
examinations of the bone marro'w, how’cvcr, have given it much 
valuable support. 

The cytoplasm of the most mature erythroblasts of the normal 
marrow, the polychromatic normoblasts, has exactly the same 
appearance as the cytoplasm of the blood’s most immature 
erythrocytes, the proerythrocytes. This is a strong indication 
that the proerythrocytes are detached from polychromatic nor- 
moblasts. I (32) have observed many'^ stages of this budding off 
of cytoplasm in cases of intense erythropoiesis. Proerydhrocytes 
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Cabot (30) reported that edema was present in about sixty-four 
per cent of bis cases of pernicious anemia. Eppinger (31) observed 
tbickeuing of tbe vascular walls of tbe spleen in pernicious ane- 
mia. 

If tbe stalb-bke processes develop as I assume, tbe non-nucle- 
ated blood corpuscle must be attached to tbe motber cell tbi-ougb 
tbe capillary wall long enough for tbe development of a real cel- 
lular membrane. During tbe time of maturation within tbe blood 
vessel, tbe blood corpuscle changes character. Its protoplasm 
changes from a gel to a sol while a genuine membrane is being 
formed. At tbe same time it changes in shape. When it is fully 
ripe, tbe erythrocyte breaks off and is washed away by tbe blood 
stream. It is then disk-shaped, has a tendency to aggregate and 
is purely acidophil on staining according to Pappenbeim. 

Tbe mature, disk-shaped erythrocyte cannot pass through 
capillary walls. Eor the proerythrocyte (reticulocyte) to be able 
to do so, it must be of another nature. Its cloudy structm'e, non- 
specific, more or less spherical shape and tendency to basophilia 
indicate that it is more like other blood corpuscles. Like throm- 
bocytes and leukocytes, therefore, it should be able to pass through 
the sinusoid wall. According to the hypothesis, the cell is nor- 
mally connected with the mother cell throughout the process of 
maturation. If the pro erythrocyte breaks aways early, it is not 
certain that it is able to mature into a normal disk-shaped cell. 
It can become acidophil (after-ripening) but whether it can be- 
come disk-shaped is a question. Bundle-shaped proerythrocytes 
in circulating blood should perhaps be regarded as abortions, 
which immediately begin to disintegrate. During the reticulocyte 
crisis, there is no real increase in the total number of red cells. 
Not imtil the reticulocytosis begins to diminish is there any in- 
crease. The more matm-e the erythrocyte is before it loosens, the 
larger chance it should have of living a normal length of time. 

The pro erythrocyte probably acquires a sm-face membrane of 
some land on its fiist contact with the blood. As the proerythio- 
cyte is slightly larger than the matm’e erythrocyte, it is probable 
that its contents become more concentrated as it ripens. Tf so, 
a kind of negative pressm-e would result which may help to pro- 
duce and maintain the biconcave disk shape. However, no doubt 
several different factors cooperate in the maintenance of the disk 
shape. The colloid content of the smuoimding fluid obviously 
plays a large part. The dislcs soon change into spheres in fluid 
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plasm when it is constricted off. The satellite granules seen around 
abnormal normoblast nuclei eorre.spond in my opinion to the Jolly 
bodies. Cabot’s ring bodies may be formed when a loop of the 
nuclear threads previously described is included in the proto- 
plasm. It is easy to understand how a ring, a figure of eight or 
a double eight could arise in a non-nucleated blood corpuscle by 
this means. Fragments of threads or skeins of threads within 
erythrocytes may be explained in the same manner (fig. 9). On 
the other hand, it is difficult to understand how the remains of 
a spherical membrane could form a double eight. Nuclear threads 
are never lacking in the marrow when Cabot’s ring bodies occur 
in the circulating blood. 

Another, and perhaps the strongest support for the older denu- 
cleation h 3 ^pothesis is that the excretion of uric acid is increased 
during increased erythropoiesis. This increase has been noticed 
particularly during the normalization in pernicious anemia. 
Opsahl (34) described a case of pernicious anemia in which the 
patient had an attack of gout during a remission. 

But not even this observation need belie the budding hypothesis. 
During er}i;hropoietic equilibrium, only a small part of the hone 
marrow is active. The long bones contain only adipose marrow, 
and the short bones, too, contain no small quantities of fat. In 
pernicious anemia all the reserves are called upon. The entire 
bone marrow system is filled with immature erythropoietic cells. 
During normalization, dense blood islands of normoblasts are 
seen. This would indicate that it is the immature megaloblasts 
which, by repeated and rapid division, build up the normal 
normoblast tissue. In a short while the supply of normoblasts 
probably reaches an excess, and then a large amount of unne- 
cessary immature cellular material is disintegrated. The fact that 
considerable disintegration occurs, even in the normal areas of 
formation, is seen from the abundance of acidophil cells and 
erythrocytes with degenerative nuclei in the sternal marrow 
throughout the process of normalization. A certain amount of 
physiologic disintegration of normoblast nuclei is also to be ex- 
pected in greatly increased erythropoiesis. 

Cellular movements are important to consider when reconstruct- 
ing the formation of erythrocytes. What we see in smears and sec- 
t ions are only rigid camera shots. The movements escape our 
observation. Many still pictures, however, enable us to recon- 
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struct the movements to a certain extent. It was this way that 
Doan (6) exhibited the movements of capillaries. 

The er}i;hrocytes lacking their own power of movement, it 
has been assumed that they are pushed out by the pressure of 
new-groni;h. It may also be that the capillary movements are a 
dynamic factor. If whole groups of capillaries dilate at one time 
in a well-filled bone cavity, some of the tissue outside the vessels 
must be pressed into their lumina. There must be a considerable 
suction toAvards the lumina. The dilatory phase of the capillaries, 
therefore, probably coincides with the birth phase of all the blood 
corpuscles Avhich have their blast cells in the parenchyma of the 
bone marrow. The irenetration of the cells into the lumina is 
facilitated through the fact that when the vessels are dilated to 
the full, their Avails must be lacking in some places. Leukocytes 
and thrombocytes Avander out as free cells which immediately 
follow AA'ith the blood stream. The er}h;hrocytes are retained by 
the capillary Avail Avhile they mature. Not until they are fully 
mature, biconcave disks are they washed away by the blood. 

As mentioned before, indented and segmented nuclei are seen 
in intense erj’thropoiesis (fig. 7 a). These pictures may be inter- 
preted as signs of nuclear movements. When constricted, the 
nucleus is small and dark, when expanded larger and lighter. 
Variations in the size and density of nuclei need not be dependent 
on their age. Intense contractions may lead to a picture reminis- 
cent of segmentation, by constricting off particles of the nucleus. 
Pictures of this kind are generally interpreted as a sign of divi- 
sion of the nucleus, but they may also be due to reAmrsible nuclear 
moA^emoiAts. The difficult question then arises of what is a .sign 
of regeneration and what a sign of degeneration. It is possible 
that the rosette-like nuclear pictures often seen in circulating 
blood are caused by non-reversible nuclear movements in a non- 
physiologic environment. The cytoplasm in normoblasts Avith a 
rosette-like nucleus is usually acidophil. Everything points to it 
being a question of degeneration in this case. 


Experiments recently published by the Danish workers Jacob- 
sen and Plum (33) give further support to my budding hypothesis. 
The following is a short description of their work. 

In order to study the erythropoiesis in rat embryos, serial sec- 
tions were make of pregnant female rats. The blood formation 
21 — i82174. Acta med. scandinav. Vol. GXXXI, 
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was followed from day to day. Up to tlie eleventh day, the blood 
was formed exclusively within the vessels. The erythrocytes of 
the blood were then nucleated. On the twelfth day after concep- 
tion, faint signs of erythfopoiesis in the liver were observed. The 
erythropoiesis in the liver reached its peak on the fifteenth, six- 
teenth and seventeenth day. On the seventeenth day there were 
traces of a primitive bone marrow. On the twentieth day dis- 
tinct myelopoiesis could be observed in the marrow, but no ery- 
thropoiesis. At birth on the twenty-first day, the marrow showed 
intense erythropoiesis and from then on this activity increased 
every day. 

The first non-nucleated erythrocytes ap 2 )eared in the blood on 
the thirteenth day after conception. The liver had then become 
active. Jacobsen and Plum drew attention to the fact that the 
first non-nucleated blood corpuscles were formed from normo- 
blasts of a special type which they called mitroid (fig. 5 c). The 
hemoglobin-containing cytoplasm in these cells first collects on 
one side of the nucleus like a cap, or mitre, and then loosens away, 
They described the process as a budding off of the nucleus. They 
thought that the nucleus disintegrated after it separated from 
the cytoplasm, but did not present any proof of this assumption. 
They believed that this type of erythropoiesis was normal only 
during a short period of the embryonic development. It was fol- 
lowed, they said, by the adult type in which the centroid normo- 
blast, with the nucleus in the center of the cytoplasm, dominated. 
The question of how the centroid normoblasts lose their nucleus 
was left entirely open. 

Jacobsen and Plum (33) also calculated the number of non- 
nucleated blood corpuscles formed per day. During the fourteenth 
and fifteenth day after conception, 10 non-nucleated cells per 
erythroblast were formed and during the seventeenth and eigh- 
teenth day about 60 per erythroblast. For comparison, they cal- 
culated the newgrowth in an adult rat and found that 35 to a 
hundred non-nucleated cells per erythroblast were formed each 
day. Jacobsen and Plum did not interpret their observations to 
mean that every normoblast delivers several erythrocytes. They 
assumed rather that there was a rapid proliferation of normo- 
blasts. The fact that this would entail a mass death of nuclei 
was not discussed. 

As I (32) have pointed out, the observations of Jacobsen and 
Plum in rat embryos support my hypothesis if one assumes from 
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them, not that the nucleus is dctacliccl from the cytoplasm, but 
that tlic cytoplasm is detached from the nucleus. 

After tliesc experiments, Plum (35) began witli the culture of 
bone mnvwvr in vitro. He used a. modification of Osgood s (3G) 
apparatus for this purpose. The main part of Plum's apparatus 
consisted of three tubes or cylinders inserted into one another. 
The two inner cylinders had .scmipcrmcable walls. The outer one 
was of glass. Bone marrow diluted with Ringer solution was put 
into the middle tube and air made to stream through the mixture. 
The smallest cylinder, which was lowered into this mixture, was 
filled with scrum + a liver preparation, folic acid or the like, 
which was kept in circulation throughout the experiment. The 
outermost tube, which acted as a kidney, contained circulating 
Ringer solution. The whole apparatus was kept in a watorbath 
of 37= C. 

Before the start, the number of nucleated and non-micleated 
cells in the marrow mixture was counted. An hour after the 
experiment was begun, another sainple was taken for counting 
in a counting chamber, and further samples were taken every 
hour from then on. 

The number of nucleated blood corpuscles kept fairly constant, 
but. the non-nuclcated ones increased with about two per erythro- 
blast per hour. Thus every crythroblast must give rise to about 
fifty erythrocytes per day. 

In order to bo able to observe the budding off in a microscope, 
Plum built a micro-apparatus using a Biirker counting chamber. 
This apparatus was built on the same principle as the large one. 
Nutritive fluid was made to stream past the marrow on one 
side and Ringer solution on the other. Plum observed that the 
cytoplasm collected on one side of the cell, bringing the nucleus 
into an cxccntric position, and then disengaged itself entirely. 
This phenomenon is seen in figure 5 c, taken from Plum. Plum (37) 
also filmed the course of events. 

Plum’s ingenious cultures have confirmed my budding hypo- 
thesis as regards a very important point. It is my hope that the 
hypothesis will stimulate experimental research on other questions 
in this field and thereby contribute to the final elucidation of the 
problem of the red blood corpuscles. 
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Summary. 

The author presents a hypothesis, originally based on ob- 
servations in circulating blood, that the red blood corpuscles are 
formed by the budding off of hemoglobin-holding cytoplasm from 
the erythroblasts in the marrow, not by denuclcation as formerly 
believed. According to her hypothesis, one erythroblast can form 
several erythrocytes (fig. 1). 

The stalk-like process often seen on the edge of a poildlocyte 
is assumed to be a malformation caused by the cell’s passage 
through a thickened sinusoid wall. This deformity reveals some- 
thing of the mechanism of erythropoiesis. 

The budding hypothesis is supported by the following facts; 

1) The erythroblasts of the marrow are not sufficient for the 
enormous amount of erythrocytes required each day if, as ac- 
cording to the denucleation theories, one erythroblast can only 
form one erythrocyte. The figures tally better if each erythroblast 
is assumed to form several erythrocytes. 

2) It has been impossible to explain what becomes of all the 
»extruded)> nuclei. The budding hypothesis explains why one only 
sees normally sized nuclei, if any at all. 

3) Excentrically situated nuclei and »extrusion» figures can 
be explained as phenomena occurring during the process of bud- 
ding. 

4) The puzzling problem of the manner in which the erythro- 
cytes leave the parenchyma of the bone marrow solves itself 
despite the fact that the vascular system is closed. 

6) The contrary observations of Sabin and Turnbull are ex- 
plained when it is assumed that the first phase of erythropoiesis 
takes place extravascularly and the second phase intravascularly. 

6) Anisocytosis is explained as due to the detachment of 
differently sized pieces of protoplasm. 

7) The reticulocytes fit nicely into the budding hypothesis. 
The most immature have a distinctive shape which is easily 
observed in living blood (fig. 3). The name proerytbrocyte is 
suggested for this cell. 

8) The cytoplasm of normoblasts in normal marrow looks 
exactly the same as that of the proerythrocytes. Both are poly- 
chromatophil. 

9) Budding off of protoplasm from normoblasts is a common 
observation in intense erythropoiesis. Several microphotographs 
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The Value, as a Clinical Test, of the Titration 
of Anenrin in the Urine. 

By 

OLE STORSTEIN.' 

(Submitted for publication October 30, 1947.) 


Introchtclion. Of late years efforts have been made to discover 
useful quantitative tests for vitamins in the organism, partic- 
ularl}’’ with regard to the conditions under which they arc ex- 
creted. This is necessary to a correct interpretation of a series of 
hypovitaminoses, as onl}’' quantitative tests can form the basis 
for rational treatment. 

There is a profusion of reports of the favourable action of B1 
on various conditions, mainly neurites and neuralgias. As it may 
be difficult clinically to determine the effect of treatment in these 
prolonged diseases, it is most important that we now possess a 
test which is useful in hospital. 

Beri-beri is a rare disease in our latitudes. Formerly, a certain 
amount of beri-beri occurred in sailing ships on long voyages. As 
late as 1929, Nissen was able to rcj)ort 52 cases of beri-beri on 
a Norwegian whaler in the Antarctic. The most recent case of 
beri-beri on board ship in Norway lias been recorded by Boe in 
1939. In 19‘10 Vogt mentioned a case of beri-beri in a drunkard. 
Two cases of beri-beri caused by one-sided nutrition has been 
recorded by Vogt in 1915. In German concentration camps are 
reported cases of beri-beri (Thygesen, Behfeldt). 

It would seem to be chiefly certain polyneurites which, among 
the various diseases recorded as having been cured by Bl, present 
a solid foundation for this treatment. In alcoholic polyneuritis, 

* Ilnnkeliitid sykclius, Bergen (Norwu}'). 
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tile supply of B1 is reduced, its reabsorption is defective, its 
excretion is increased, and tbe need for it is also increased. Thus 
there are here present all the pathogenetic factors accounting for 
the onset of an avitaminosis. Delirium tremens has been inter- 
preted as an acute lesion of the tissues of the brain following lack 
of aneurin, and favourable results have been claimed for vitamiu 
B1 treatment (Kloster). 

The neuritis of pregnancy may be due to an increased need for 
and a decreased supply of B1 resulting from vomiting. The poly- 
neuritis of prolonged diarrhoea is another example of »nutritional 
polyneuritis» (Strauss). In prolonged febrile diseases there is an 
increased need for, and a defective supply of aneurin. Most cases 
of beri-beri in the East make their first appearance during a 
febrile disease (Schretzenmayer). 

There are very few accounts of aneurin analyses in B1 hypo- 
vitaminosis. Lehmann and Nielsen have worked with biological 
methods (phycomyces test) and have demonstrated a reduction 
of the aneurin content of the blood in a case of beri-beri. — Bang, 
employing the same method, has found the aneurin content of 
the blood to be reduced in cases of gastric achylia, chronic alco- 
holism, febrile disease, miseries, prolonged dietetic restrictions and 
diarrhoea, — Geill and Lindholm have found that the thiochrome 
method in Karrer and Kubli’s modification and the rat-gfowth 
method give approximately the same results. They also find con- 
siderable larger excretion after parenteral than after peroral ad- 
ministration and reduced excretion in a few cases of diabetes. — 
Other investigators have worked with the thiochrome method in 
various modifications determining the aneurin urinary excretion, 
most of them after a tolerance dose. Reduced excretion of aneurin 
has been found in following diseases: alcoholic polyneuritis (Bor- 
son, McAlpine and Hills, Wassmann); diabetic polyneuritis, thyreo- 
toxicosis, multiple sclerosis (Borson, Wassmann); ulcerating cohtis 
(Borson); gastric achylia, uncompensated heart disease (Wass- 
mann); Simmond’s syndrome (Bierring and Iversen). — Crismer 
has found normal excretion in persons whose supply of calories 
was limited. 

In this journal, Lindahl has given a survey of the available 
methods for the determination of vitamin Bl metabolism. He has 
put on record the results he has achieved by his investigations, 
and he concludes that the methods now in use are not suitable for 
clinical employment. 
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The method thus still contains certain sources of error. It is 
in the main the non-specific fluorescent substances in the urine 
which give trouble. They are not equally prominent in all the spec- 
imens of urine as table 1 shows. They are a very disturbing ele- 
ment in certain cases, and they give rise to a greenish-white 
fluorescence which renders an accurate reading difficult. In my 
experience it is in the main urines containing bile pigment with 
which it is difficult to work. As pointed out by Widenbauer, sali- 
cyl gives rise to marked blue fluorescence which is responsible for 
qiute misleading figures. I have been able to demonstrate this 
point in a patient. 

Wassmann has devised a tolerance test for determining the 
organism’s B1 status. This test depends on the well-known fact 
(Harris and Wang, Widenbauer, Borson, Cowgill) that most of 
a parenteral injection is excreted in the course of the first hours. 
A delayed excretion does, however, occur in a few cases. In Wass- 
mann’s opinion a Bl hypovitaminosis is certainly present when a 
dose of 5 mg is given i. m., and less than 750 y of it is excteted in 
the course of the first 24 hours. 


My Own Material. 

In the course of some nine months I have examined at the 
Medical Department of the Bergen City Hospital those patients 
who might conceivable be suffering from vitamin Bl deficiency as 
suspected on the pathogenetic lines I have indicated. My atten- 
tion has been focussed in the main on polyneurites. I also had 
occasion to investigate the Bl excretion in two cases of toxic 
diphtheria at the Epidemiological Department. 

During this period I have examined 29 patients of whom 8 
suffered from some form or other of polyneuritis. See table 2 
where the results are indicated. The last 4 patients served as con- 
trols. 

It will be seen that the excretion in the 24 hours varied so 
greatly that no conclusion could be drawn from it. The parenteral 
administration of 5 mg of Bl led to a rise of the excretion 
which in all but seven cases exceeded the limit of 750 y put to 
it by Wassmann. All the four controls showed a rise of the ex- 
cretion exceeding the minimum limit put to it. 

None of the eight patients suffering from polyneuritis showed 
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Table 2. 


& 



Diagnosis 

24 hours excretion before and after 
toleration test 

1. 

M 

62 

Folpieur. alcohol 

360 

1,056 

1,650 



1. 

tf 

» 

Alcohol, clelir 

495 

350 

1,600 



2. 


55 

Polyneitr. alcohol 

1,700 

1,176 




3. 

& 

43 

» postdipth. . . 

436 

952 

980 



4. 

D 

30 

» » . . 

280 

800 




5. 

I> 

37 

Polyneuritis 

744 

1,404 

1,224 



6. 

0 

28 

I> 


4,165 




7. 

1> 

72 

J> 

221 

1,120 




8. 

1> 

34 



2,040 




9. 

1> 

65 

Parkinsonism 

910 

330 

650 

1,295 


10. 

& 

42 

Epilepsy 

270 

721 




11. 

F 

51 

Multiple sclerosis 

165 

198 

850 



12. 

M 

30 

J> » 


2,340 




13. 

t 

34 

Dystr. muse, progr. . . 

72 

2,295 




14. 


25 

Toxic diphtheria 

208 

756 




15. 


30 

» » 


1,300 




16. 


69 

Myodegen. cordis .... 

144 

440 

360 

425 

2,088 

17. 


45 

Fehris rheumat 

814 

1,428 

1,768 



18. 

F 

30 

Diab. Emesis gravid.. 

780 

1,980 




18. 

» 

D 

14 days later 


1,496 




19. 

M 

60 

Pellagra 


840 




20. 

F 

36 

Hodgk. disease. Sprue 


390 

2,720 



21. 

)> 

37 

Thyreotoxicosis 


1,425 




22. 

» 

60 

D 


2,250 




23. 

M 

47 

Achylia 

350 

520 




24. 


45 

Ulcus duodeni 

180 

540 




25. 

» 

53 

Enteritis acuta 


2,080 




26. 

J> 

51 

Dyspepsia 

495 

780 




27. 

D 

82 

Cancer prostataj 

378 

1,500 




28. 

F 

27 

Cystitis 


1,440 




29. 

M 

43 

Pneumonia 


1,530 





an excretion under the mmimuin limit, the one exeption being 
the patient nr 1, fig. 1 a and b. 

This patient was a casual labourer, aged 62, who had been ad- 
mitted to the hospital nine times since 1923, on every occasion 
for chronic alcoholism. During his last stay in hospital in 1912, 
he suffered from a polyneuritis for which he was treated with Bl. 
He was considerably better when discharged from hospital 3 
weeks later. On his re-admission to hospital Sept. 6, 1943, his sense 
of touch was somewhat reduced on the anterior surface of the legs 
below the knee. His legs were rather weak, but the patellar and 
Achilles reflexes were satisfactory. Titration showed good aneurin 
excretion, as indicated by fig. 1 a. He was discharged from the 
hospital after three weeks, but was re-admitted Dec. 13, 1913. 
He was now suffering from acute pneumonia with mental con- 
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•fusion, lie 'v.’as restless and lay picking at Ins blanket. Titration 
now showed a marlced reduction of excretion which exceeded the 
minimum limit put to it only after three toleration doses, fig. 1 b. 
One is tempted to associate this reduced excretion with his begin- 
ning alcohol delirium. But it is also conceivable that his defective 
excretion in hospital on this occasion Avas due to his fever and 
insufficient food intake, as demonstrated by Wassmann. How- 
ever, in the case of patient nr. 29, suffering from acute pneu- 
monia, I could not find any reduction of the excretion. It is also 
possible that the administration of sulphapjn’idin may have 
influenced the Bl metabolism as pointed out by Jung, However, 
in the case of patient m’. 28, who suffered from cystitis and who 
was treated Avith sulphathiazol, no reduction of the excretion could 
be demonstrated. 

Marked reduction of the excretion Avas also found in a case of 
degeneration of the heart mirscle — patient nr. 16. He Avas 69 
years old, and in 1939 had been operated on for stenosis of the 
pylorus by gastro-jejunostomy. Bor the past tAvo years he had 
suffered from dj^spnoea Avhen at work, and during the last four 
weeks preceeding his admission to hospital there had been marked 
oedema of the legs below the knees. On admission to hospital Oct. 6, 
1943 RE; 108/68. Ecg; myopathy? P: 56. Ewald; HCl/TA; 62/70. 
The severe oedema disappeared on a salt-free diet and rest in bed. 
Titration shoAved considerable reduction of the excretion of 
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ancurin, the ininiinum limit being reached and surpassed only 
alter four tolerance doses, fig. 2. 

Since his operation in 1939 this patient had been dieted, being 
limited only to fine broad. It wny therefore be as.sumed that his 
food had contained but little ancurin. It is open to discussion 
^vhethcr his oedema and myopathy was due to lack of B1 or the 
diminished excretion of Bl was secondary to his heart failure. 



The slow pulse, the satisfactory diastolic blood-pressure, and the 
beneficial thcrax>eutic effect of rest in bod and a salt-free diet 
pointed against the diagnosis of beri-beri. The abscenco of neuro- 
logical changes pointed in the same direction. 

Patients nr. 23 and 24 suffering respectively from gastric ulcer 
and duodenal uloer showed a reduced excretion after one tolerance 
test. The variations were, however, so small that they were within 
the margin of error. 

Of two patients suffering from multiple sclerosis, one, nr. 11, 
showed reduced excretion after a tolerance test, fig. 3. This patient 
was a woman aged 51 whose disease had lasted seven to eight 
years. Treatment with Bl did not seem to have any remarkable 
effect on her condition. 
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Patient nr. 9, suffering from Parkinsonism, sliowed consider- 
able reduction of excretion after a tolerance test with Bl, fig. 4. 
He was 65 years old, and for the past year he had been unfit for 
work on account of increasing weakness of arms and legs and 
stiffness on movement. All the groups of muscles showed con- 
siderable rigidity of the »cogwheeb> type with great weakness. The 



•« 


ver)’- scanty diuresis from which he suffered is a condition which 
leads, according to Widenbauer, to reduced excretion of aneurin. 
The figure shows that before a tolerance test his excretion within 
24 hours was above the minimum limit being 750 y. This sample 
was, however, very rich in carbonates and it was very difficult 
to read off the findings. 

Patient nr. 20, who suffered from lymphogranulomatosis and 
sprue, showed reduced excretion after a tolerance test. She was 
36 years old, and her malignant lymphogranulomatosis had lasted 
for two years. During the past half year she had suffered from 
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diarrhoea, and her light, somewhat bullcy stools were seen under 
the microscope to contain droplets of fatty acid needles. Ehi- 
strom’s test was faintly positive. Eig. 5. 

A satisfactory excretion after tolerance tests with Bl was 
observed in the other patients who suffered from polyneurites, 
epilepsy, progressive muscle dystrophy, pellagra, diabetes with 
the vomiting of pregnancy, thyreotoxicosis and rheumatic fever. 


Discussions. 

The results obtained tally on the whole with those of Wassmann. 
The polyneurites, on which I have concentrated most of my 
attention, have been shown not to depend on a shortage of Bl 
in the cases I have examined. Even the alcoholic polyneurites 
did not, as might have been expected, show any reduction of the 
excretion of aneurin. We cannot, however, on the basis of a few 
titrations, dismiss the theory that a shortage of aneurin is respon- 
sible for the appearence of these polyneurites. Eor we must re- 
member that alcoholic polyneuritis is a disease of long duration, 
and that these few titrations give us only a small cross-section 
of the patient^s Bl status. These titrations give us no information 
concerning the patients condition at the first appearence of the 
polyneuritis. It may be assumed that an adequate diet during the 
days preceding the titrations may have corrected a moderate 
degree of aneurin deficiency should this have been present. 

In the case of patient nr 1, who suffered from alcohol delirium, 
the titrations yielded information suggesting that aneirrin defi- 
ciency may injure the nervous system. Both Borson and McAlpine 
and Hills, as well as Wassmann, have found the excretion of 
aneurin reduced in cases of alcoholic polyneuritis. Hloster has 
reported a case of alcohol delirium in which treatment with Bl 
had a good effect. Among the other forms of polyneuritis, that 
following diphtheria shows a normal excretion after a toleration 
test. Nor did the excretion show any reduction in toxic diphtheria, 
in correspondence with clinical tests at the Epidemiological 
Department by Boe, where no difference could be found between 
one group treated with Bl, and a second group, not treated. Expe- 
rimental tests by Wassmann showed likewise no difference with 
treatment of diphtheric pareses in guinea pigs. Among other 
patients suffering from diseases of the nervous system there was 
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one epileptic and one case of progressive muscular dystropliy, 
the excretion of aneurin after a tolerance test was normal in both 
cases. Repeated toleranee tests in a case of diabetes with the 
vomiting of pregnancy and inadequate intake of food showed a 
normal excretion. There was no polyneuritis in this case either. 

Contrary to the experience of AVassmann, I have found the 
excretion to be normal in two cases of th}T:eotoxicosis, but his 
patients were ver}’’ th}’TeotoxiCj to some extent on the verge of a 
thyreotoxic crisis. The excretion was normal in a case of pellagra, 
in which there was also no sign of aneurin deficiency. An antago- 
nism between Bl and PP-factor has already been reported (Leh- 
mann and Nielsen, Salvesen, Brajndstrup). It may therefore be of 
interest to note that in this case tolerance testing with Bl led to 
a flare-up of the diarrhoea which was arrested by the j)arenteral 
administration of a comiilex B preparation (Storstcin). 

The material here presented is not large, but my task has been 
to gain an impression as to the reliability of the thiochrome 
method and its suitability for use in hospital, I have also sought 
evidence of Bl deficiency in diseases in which theoretical con- 
siderations made such a deficiency likely. 


Summary. 

A modification of the thiochrome method has been employed 
in the investigation of the excretion of anemin before and after 
a tolerance test with 5 mg of aneurin given by intramuscular 
injection with a view to ascertaining the suitabihty of this method 
in hospital practice. Tolerance tests with aneurin were carried 
out on 29 patients in whom one might expect to find vitamin Bl 
deficiency. The tolerance tests showed an excretion of aneurin 
under 750 y in the 24 hours after 5 mg of anemin i. m. in cases 
of alcoholism, multiple sclerosis, Parkinsonism, achylia, sprue 
and cardiac insufficiency with nutritional deficiency. This was 
not, however, the case in various forms of polyneuritis. 

In the author’s experience this method is too laborious to be 
employed in hospital as a routine measure. It also has a consider- 
ably margin of error. 

But this study and others are necessary if rational vitamin Bl 
treatment is to stand on a sure foundation. 


2 ' 2 — ^' 8217 -'/. Acta mcd. scandinav. Yol.CXXXI. 
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Tlie ElTect of Blood Traiisfiisions on tlie Kidney 
Function of Clironic Kepliritis witli Anemia. 

By 

HARALD A. SALVESEN. 

(Sabmitted for publication November 24, 1947.) 


This paper deals with a minor problem, but one which should 
be investigated both from scientific and practical-therapeutic rea- 
sons. Is the Iddney insufficiency of chronic nephritis aggravated 
by the almost constantly accompanying and often very severe 
anemia? It would be reasonable to suppose from a physiological 
viewpoint, that the function of an organ like the Iddney, which 
is so dependent on a high minute volume and for the tubules on 
a high oxygen supply, would be unfavourably influenced if the 
blood was anemic. 

The anemia of chronic nephritis has lately been the subject of 
some interest, especially as to its pathogenesis. All authors agree, 
that the degree of the anemia has a close relationship to the im- 
pairment of the renal function and it seems reasonable to suppose 
that it is caused by the retention of toxic substances acting on 
the bone marrow. Townsend, Massie and Lyons (1937), however, 
although they also found a parallelism between the degree of 
anemia and the nitrogen retention, were unable on bone marrow 
puncture to demonstrate any apparent lack of active blood-form- 
ing tissue. They found that with increasing anemia there is a 
decrease in the gastric acidity and conclude that the anemia is 
due to deficiency of iron caused by insufficient absorption. Nor- 
denson (1938) on the other hand concluded that the anemia of 
chronic nephritis is conditioned by reduced bone marrow function 
due to an incipient aplasia of the erythro-poetic system, a view 
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Name 

sex 

ago 

Date 

tc 

U-J 

f-H 

Rod 

cells 

mill. 

Color 

index 

Wluto 

cells 

Alkali 

re- 

serve 

m.cq. 

Blood 

urea 

mg 

Urea 

cloar- 

nneo 

o/ 

/o 

Remarks 

1 

0. II. 

1938 










o 

Nov. 29 

44 

2,400 

0.02 

5,400 

23.G 

158 

G 

Citron, nephritis 


ol 

Dec. 24 

91 

4,219 

l.OS 

7,500 


191 

6 

Transf. Dec. 1, 











7, 13 and 20 

0 

Hj. B. 

1945 










o 

Sept. 29 

nlT 

2,290 


10,000 

IG.S 

279 

7.0 

Citron, nephritis 


38 

Oct. 4 






267 

6.0 

Transf. Oct. 4, 



0 0 

59 

2,830 

1.05 

8,400 

18.9 

258 

6.0 

7, 12, 15 and 



» 20 

92 

4,3G0 

1.00 

9,600 

23.0 

162 

7.0 

19 

3 

G. T. 











o 

Oct. 31 

64 

2,890 

1.12 

2,100 

27.5 

266 

6.5 

Polycystic kid- 


;')? 

Nov. 7 

85 

3,640 

l.in 

.3,300 


237 

6.0 

nay 



!> 19 

94 

4,360 

l.OS 

5,200 

29.1 

308 

6.0 

Transf. Nov. 3, 



Dec. 1 

88 

4,250 

1.05 

4,300 




6 and 12‘ 



i> G 





21.2 

353 

0.4 1 

Died Dec. 7. 
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Fcbr. 5 

GS 

2,810 

1.21 

7,100 

18.7 

217 

7 

Citron, nephritis 


41 

» 10 





19.1 

210 

G.S 

Transf. Fcbr.ll, 

, 


6 25 

94 

3,7G0 

1.25 

9,900 

22.1 

190 

7.2 

14, 17 and 21 

1 ^ 

F. II. 










1 

<? 

Fcbr. 8 

01 

3,.390 

O.ni 

4,.300 


81 

22 

Citron, nephritis 

1 

i){ 

» 20 

97 

4,250 

l.M 

7,200 


92 

21 

Tramsf. Fcbr.l2, 

1 










15 and 19 

G 

K. B. 

Juno 17 

GO 

2,780 

1.0.0 

3,500 

15.0 

275 

G.S 

Citron, nephritis 


c? 

D 28 

94 

4,210 

1.12 

G,G00 

20.0 

289 

C.3 

Trnn.sf. Juno 19, 


28 









23 and 27 

7 

t 

Sept. 20 

5G 

2,480 

l.M 

10,700 

14.2 

264 

6.5 

Transf. Sept. 24 



Oct. 2 

71 

3,210 

1.10 

12,100 


262 

8.2 

and Oct. 1 

8 

Aa. L. 

Oct. 10 

77 

3,3G0 

1.15 

4,800 

23.7 

113 

17 

Citron, nephritis 


g 

» 13 






107 

15 

Transf. Oct. 15 

i 

43 

» 20 

105 

4,500 

1.10 

4,G00 


124 

16 

and 17 

0 

S. R. 

Oct. 15 

75 

3,090 

1.23 

5,900 


95 

19 

Citron, nephritis 


o 

» 21 

79 

.3,300 

1.20 

.3,500 

21.2 

107 

13 

Transf. Oct. 22, 


40 

■> 28 

84 

3,850 

1.09 

5,700 

20.3 

201 

12.1 

24 and 27 

10 

H. S. 

194G 










o 

Jan. 10 

G5 

2,880 

1.12 

7,300 

13.3 

252 

5.7 

Citron, nephritis 


4:) 

p In 






261 

5.0 

Transf. Jan. 17, 



i> 21 

82 

3,340 

1.2.1 

7,800 

11.9 
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20 and 24 



» 25 

93 

4,400 

l.OG 

14,100 

o.S 

459 

2.2 

Recovered 

11 

B. jr. 

1947 










r'i 

Sept. 17 

49 

1,760 

1.53 

5,500 

8.2 

174 

7.0 

Citron, nephritis 


58 

» 21 

G7 

2,680 

1.20 

5,300 




Transf. Scpt.lS, 











20 and 22 



» 23 

83 

.3,290 

1.2S 

6,200 

5.9 

293 

2.3 

Died Sept. 25. 











Autopsy 


* TIio patient had been under constant alkali treatment before the transfusions. 
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All of the cases had marked kidney insufficiency before the 
transfusions with urea clearances varying from 22 down to 5.7 
(average 10.4). The anemia was also mostly severe with hemo- 
globin percentages ranging from 76 down to 48 (average 61). In' 
8 of the experiments (1, 2, 3, 4, 5, 6, 8 and 9) the urea clearance 
remained unchanged, altough there might be some variations in 
the urea levels of the blood in both directions. In experiment 7 on 
the patient K. B. there was a slight increase in the clearance value 
(from 6.5 to 8.2 %), but the blood urea was unchanged. But in 
the last two experiments (cases H. S. and B. M.) there was a pro- 
nounced aggravation. In exp. 10 the plasma urea increased from 
252 tag% to 459 mg%, the clearance went down from 6.7 to 

2.2 % and the alkali-reserve from 13.3 vol% to 5.S vol%. The 
patient’s life was thought to be in real danger, but was finally 
saved by alkali treatment and she is still alive 18 months after- 
wards. 

In exp. 11 there was also an aggravation with an increase in 
urea from 174 to 293 mg%; the clearance went down from 7.0 to 

2.3 and the alkali reserve from 8.2 to 6.9 mM and the patient died 
a couple of days after in spite of energetic alkali treatment. 

Comment. 

The experiments show clearly, that the kidney function does 
not improve, when the blood is brought up to normal values of 
hemoglobin and red ceils by blood transfusions. On the contrary 
it may prove dangerous and even fatal as shown in the last two 
cases with rapid increase of blood urea and decrease in the clear- 
ance and alkali reserve. This seems to give some support to the 
theory of Jensen-Jerre that the anemia is beneficial to the or- 
ganism in its effort to counteract the acidosis. In experiment 11 
(case B. M.) the aggravation might be a coincidence and the pa- 
tient might have died anyhow, as the kidneys on autopsy were 
found to be extremely small, but the patient was not very ill 
and without serious clinical signs of uremia before the trans- 
fusions, with only a moderate azotemia and a clearance of 7 %, 
but with a serious degree of acidosis measured by the alkali 
reserve. This acidosis should have been treated first. It is reason- 
able to suppose that the blood transfusions were responsible for 
the rapidly developing uremia. And in experiment 10 (case H. S.) 
it was obvious that the blood transfusions caused the aggravation,’ 
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in spite of tlie low clearance of 2.2 % and tlie extremely liigli 
blood urea of 459 mg%, tbe patient recovered and is still li^’ing 
iVs jQiiv after with only a moderate azotemia (a little above 
100 mg%). The observation that in both these cases the alkali 
reserve decreased as the hemoglobin content went up seems to 
favour the view of an antagonism, as mentioned above, but in 
both cases the anemia was slightly, respectively decidedly hyper- 
chromic, which does not fit in with the theory of Jensen- Jerre. 
It may be of importance that in these two cases the acidosis was 
more severe than in the other patients. There was clinically no 
indication that the aggravation was caused by the mechanical 
burden placed upon the heart by the three blood transfusions given 
with intervals of from 2 to 4‘ days. 

It may be too strongly put to conclude that blood transfusions 
always arc contraindicated in nephritic patients with kidney in- 
sufficiency and anemia, but tliey arc of little help and should not 
be employed if the acidosis is severe. 

Summary. 

To 10 cases of more or less severe Iddney insufficiency (9 cases 
of chronic nephritis and 1 case of polycystic Iddney), all of them 
with pronounced anemia, blood transfusions were given in 11 dif- 
ferent e.xporimcnts until the blood was normal or nearly normal. 
In no case was there any improvement of the kidney function, 
measured by the urea clearance test. In 2 cases there followed a 
rapid aggravation with a decrease in the clearance value and the 
alkali reserve and increase of the urea retention; and one of these 
patients died two days after the last transfusion. 

It is concluded that the anemia of the chronic insufficient Idd- 
ney plays no part in lowering the kidney function and its treat- 
ment by repeated blood transfusions is of little benefit and may 
even be dangerous if the acidosis is severe. 
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Aue dcr Bernischen Heilstiitte fitr Tubcrkulose in Heiligenscb\Yendi 

(Schweiz). 


ITiitei'.siiclniiigcii iil)cr (lie Kaiitlinrideiibkscii- 
rcaktioii bci Tubcrkulose. 

^'on 

1‘riv. ])Q7.. Dr. ST. J. LEITNER unter Mitnrbcit von W. THALIIANN. 
(Bcifler Redaktion am 6. Oklobcr, 1917 cingcgniigen.') 


I. 

Die Kantliaridcnblnse vnircle bcrcits voji E. Neumann (1878) 
zuv Untersucliung dcr Entzundung-szcllcn herangezogon, seitlier 
v,'urden aber cinscbliigigc Untersuchungon kauin mclir durcli- 
gefiibrt. 0. illiller und Giinsslcn (1923) scblossen ans dcr Blasen- 
zeifc aul Pormeabilitatsstorungen dcr Gefiissc nnd Odembereit- 
schaft, Thomas und Arnold bcrichtctcn iiber spezifische Eeak- 
tionen im Blaseninbalt. Alder und Zaruski nntersuchten die Ei* 
'vveissveranderungon im Blut und in Exsndaten, darunter aucli 
im Kantharidenblascninbalt, bci Tuberlailose; darairf koimncu 
wir nocb bei dcr Bespreebung dcr cigenen Ergebnissc zuriick. 
Markccs bestimmte den Zuckergcbalt in dcr Kantharidenblase 
(1935) und land, dass sicli dieser vom Blutzuckcr unterschei- 
det, und zwar parallel zur Zunalimc dcr Zellzahl abnimmt, U'cii 
die Zellen im abgesclilosseucn Entziindungsraum die Eiiliigkcifc 
zur Sauerstoffatmung und Giykolysc haben (letztere Eigcnschaft 
besonders die absterbenden Zellen). Diese hletbode wandte 
Trautwein bei Tiiberkulosen an (1942) und stclltc fest, dass die 
Entziindungstarke an der Abnabmc des Blutzuckcrs erkennbar 
ist. Eine Diagnose der Art des tbc. Prozesses liisst die Metbode 
nacb ibm niebt zu, dagegen beriebtet er liber eine Zunabmc der 
Entziindungstarke in 20 % der Eiille bei konservativer Ivin-, 
in 50 % der Eiille bei spezifiseber und Goldbebandlung und in 
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63.2 % cler ]?allc bei Tb}i:ebanbeliandlung (abgetotete Tuber- 
kelbazillen nacb G. Scbxbder), was er niit der Alctmertmg des 
retikulocndotbelialen S3’’steras (EES) durcli die Bebandbing 
erkliirt. Eobert \ind Strebler Eilirten jiingst (1945) iiiteressante 
Untersucbungen iiber den Eermcntgebalt (Diaininooxydase) in 
der Kantbaridcublasc durcb nnd fandeu, dass entzlindlicbe Eeize 
(Verbrenming, Derinatitiden) zu einem vermebrten Diainino- 
oxydasegelialt fuliren, walirend die Blasenflilssigkeit im Bereicb 
vitiliginoser Hantbezirke weniger Diaminooxydase entbalt als 
im Bereicb der nicbt vitiliginosen Haiit dessclben Patienten; ancb 
im Blaseninbalt im Bereicb der normal-blassen Plant stellten sie 
^Yeniger Diaminooxydase fest, als im Bereicb der normal pig- 
mentierten Hant der gleicbcn I’erson. 

Uns intercssieren bier besonders die Untersucbungen von 
F. Kanffmann aus der v. Bergmann’scben Klinik, der 1926 in 
mebreren ^Vrbciten iiber die Zellzusammensctzung in der Kantba- 
ridenblase bei verscbiedcnen Krankbeiten bericbtete. Norinaler- 
weise setzt .sicb der Zellgebalt der Kantbaridenblase aus 0 — 
3.25 % eosinopbilcu Leukozytcn, 1.5 — 8 % ungranulierten ba- 
sopbilen Zellen nnd 89 — 98 % neutropbilen Leukozytcn zusain- 
men. Dio ungranulierten basopbilen Zellen biilt Kanffmann fiir 
Abkommlinge des rotilailo-endotbelialen Systenrs (EES), ancb 
die kleincn, von den Lympboz}d;en morpbologiscb nicbt nnter- 
sebeidbaren Forinen, wcil bei diesen, im Gegensatz zu den Blut- 
lympbozyten, die keine Fresstiitigkeit ansiiben (Metschnikoff, 
Eibbert, Marcband, Naegeli, Komiya, Leitner), cine Pbago- 
zytenfunktion nacbgewiescn werden konnte. "Wir selbst konn- 
ten dicse Angabe von Kanffmann beziiglicb der kleinen basopbilen 
Zellen im Pbagozytoseversucb bestiitigen. Bei alcntcn Kxank- 
beiten, z. B. bei der Pneumonic, fand Kanffmann in der initialen 
Fieberperiode cine zellarmc, sulzige Blase, in der Krise eine 
zellreicbe, eitrige Blase, wiibrend in der Eekonvaleszenz die 
Eealction unterscliwellig war oder eine Blasenbildung nberbaupt 
ausblieb. In ciner Naebpriifung stellte unliingst Min-Sben-Li fest, 
dass diese Eealctfonen ancb bei mit Snlfapyridin bebandelten 
Pnenmonicn vorlianden sind, dass also das Mittel die zellnlaren 
Abwebrrealrtionen nicbt unterdriiclct. Bei Tnbericulose liegen 
nur Untcrsucbnngen von Kanffmann selbst vor, der bei aktiver 
Tnberkulosc eine Zellvermehrnng beobaebten konnte, nnd zwar 
bei exsudativen Tuberlculosen mehr anf Kosten der Nentropbilen, 
bei produlrtiven Lnngenprozessen mebr anf Kosten der Lympbo- 
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Method. 

The method I have folloved in the course of my investigations 
has differed somewhat from that of Lindalxl, and I propose to 
give a short account of my findings. 

My method is based on that of Jansen which has been modified 
by Wang and Harris and by Wassmann. A report by Furst jun. 
has also helped me in my investigations. As only slight changes 
have been made in Wassmann’s method, reference is made to 
his study for a complete account of his method. 

I have, however, found it most convenient to employ the origi- 
nal preliminary test of Wang and Harris as Wassmann’s prelim- 
inary test entailed the use of such large quantities of cerisulphate 
solution — up to 20 ml — that the work became tedious for this 
reason. More recently, Wassmann has informed me that he has 
been obliged to dilute the urine five times, and he urgently ad- 
vises the employment of his prebminary test. With this method 
the fluorescence is read off by direct Ausual inspection in front 
of a quartz-mercury lamp (Philips EfPW 120), and the fluorescence 
of the test is compared "with that of a control solution in which 
the ancurin is not oxidized to thiochrome, and which should thus 
contain the non-specific fluorescent substances in the urine. I 
have found it convenient to work with a standard which contains 
10 y per ml, whereas Wassmann has worked with a standard of 
1 y per ml. 

By this method and by the addition of known quantities of 
aneurin to the urine, I have obtained the following results (table 1). 
It will be seen that added aneurin has been recovered in quan- 
tities of 64 to 114 per cent. The result coincides in the main with 
those of Lindahl. 

Table 1. 

Aneurin added per 100 ml Ancurin found Recovery % 


Urine 

I. 

0 

28 





7.2 

34 

S3 



17.2 


99 



27.2 

58 

91 

Urino 

n. 

0 


__ 



4.5 

59 

89 



14.5 

72 

85 



24.5 

79 

96 

Urine III. 

0 

31 

— 



17 

44 

77 



14 

40 

64 



7 

39 

114 
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Die Eosinopliilen in der Kantliaridenblase stammen aus dem 
Blute; wir konnten bei 5 Kranken eine deutlicbe Eosinopbilie ini 
Blut, im Sternalpunktat nnd in der Kantbaridenblase nacb- 
wcisen, ivas fiir die Herkunft der Eosinopbilen dcs Entziindungs- 
gebietes ans dcin Knoebonmark bzw. Blute spriebt, \Yie wir dar- 
auf a. 0. iiinwiescn (s. Knoclicnmarksnionograpbie von Leitner). 
Es fiel uns aber auf, dass die Blaseneosinopbilio keineswegs immer 
mit der Blutcosinopbilie parallel ging, cs war inancbmal trotz 
deut.licber Blutcosinopbilie keine Verjnebrung der Eosinopbilen 
ini Blaseninbalt {cststcllbar, und unigeicebrt, es fand sicb inancb- 
raal cine Blaseneosinopbilio bei uornialen oder leiebt erbobten 
Blut-Eosinopbilenzablcn, Es siiielt also bier die cosinotaktisebe 
Eabigkeit der Blase bzw. dcs Entziindiingsgebietos eine Rolle. 
Audi die Ncutropbilen in der Blase stainnien aus dem Blute ber, 
wie wir das besonders dcutlicb in cineni Eallc von Pelgcr-Huet’- 
seber Kernanonialie saben, wo sowohl ini Blute, als aucb in der 
Blase die gleicben typiseben Pclger-Zellen niit der Segnientie- 
rungsbemniung und ebarakteristiseber Cbroniatinstrulctur zu 
beobaebten waren. 


II. Eigcnc Untcrsncbuiigeii. 

Wenn cs zutrifft, dass cs sicb bei der Kantbaridenblase um 
Gewebsrealctionen dcs RES bandclt, konnen Untersucbuugen 
liber ibr Verbalten bei Tubcrloilosc von grosscni Interesse sein, 
wissen wir docb, dass das RES bei Tubcrkulose wabrscbeinlicb 
niassgebend am Abwcbrkampf beteiligt ist. Nacb Sabin und 
Mitarbeitern, Boivin, Leitner u. a. fiiidet die Antikorperbildung 
im RES statt; eigenc Untersuebungen spreeben dafiir, dass die 
Immunkorper (nacb Sabin Immunglobuline) in don spezifiscb 
veriinderten RES-Zellcn, in den Epitbeloidzellen gebildet werden 
(2). Das ist vielleicbt aucb der Grund, wesbalb rein produlctive 
Tuberkulosen obnc Verkiisung als giinstig anzuseben sind, wie 
wir das in reiner Form beim Morbus Boeck beobaebten konnen (5). 

Wir baben nun 1. morpbologiscbe Untersuebungen des Blasen- 
inbaltes durcbgefiibrt, wobei die Mcnge und Besebaffenbeit der 
Blasenfliissiglceit vcrmcrlct wurdc. Ferner wurde bei der Mebrzabl 
unserer Kranken die Gesamtzellzabl (in der Blutkorpercbenzabl- 
kammer) bestimmt, oder falls das niebt moglich war, an Hand des 
Ausstriebprapar'ates beurteilt. Das Hauptgewiebt wurde auf die 
Auszablung des gefarbten Ausstriebpraparates gelegt. Anfangs 
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liaben wir die Zelleu aiicli in Nativpraparaten mikroskopiscli 
imtersuclit, docli -war dabei keine verwertbare Differenzierung 
inoglieh. Die morpbologiscben Untersuclinngen erstrecken sick 
auf 221 Ftiile, von denen viele im Lanfe der Knf monatlick -svie- 
derkolt untersuckt Afurden. Bei 111 Kranken wurde ausserdem 
der Gcsamteiweissgekalt und das Albnmin/Globnlinverkaltnis 
im Blutserum und im Blaseninlialt bestimmt. Die eiweisscke- 
misckcn Untersucliungen wuiden auch in Hinblick auf die keute 
geltende Auffassung durdigefukrt, dass die Bluteiweisskbrper im 
EES synthetisiert 'werden (Sabin, Heinlein, Wukrmann, Leit- 
ner [5, 2] u. a.). 


1. Methoden. 

Die Kaiitharidenpflaster warden in 4 cm= Grosse auf die Streckseite 
dos Obersckenkels aufgelegt, nachdem die Edebefiacke iiber der. Flam' 
me erwarmt und die Haut mit Benzin abgerieben wurde. tJber dem 
Pflaster wurde ein steriler Tupfer locker befestigt. Hack 22 Stunden 
wurde der Tupfer abgenommen, das Pflaster vorsichtig abgekoben und 
die Grosse der Blase vermerlct. Sodann wurde die Blase mit einer steri- 
len Kaniile augestocken und der Inkalt in ein Zentrifugenglas kinein- 
gelassen. Die Menge und Parbe des Eeizexsudates wurden notiert, dann 
die Pllissigkeit gut durckgemisckt und die Gesamtzellzakl in der Keu- 
bauer'scken Zaklkammer bestimmt. Ein Teil der Blasenfliissigkeit 
wurde fiir die Eiweissbestimmung aufgekoben. Der Best wurde mit 
einem Tropfen isotoniscker Natriumzitratlosung (3.S %) veimisckt 
und 2 Minuten lang zentrifugiert. Das Sediment Wurde auf einen 
Otijekttrager ausgestrichen, getrocknet und gefarbt. Da die gleich- 
massige Verteilung der Zellen im Ausstrickpraparat durck die Gerinn- 
selbilduug vereitelt wurde, gingen wir nack Absckluss der Eiweissun- 
tersuckungen so -vor, dass wir ins Zentrifugeniokrchen von voinkerein 
einige Tropfen isotoniscke Natriumtitratlosung gebrackt kaben, und 
zwar liessen wir sie an der Wand abfliessen, an welcker die Blasen- 
fliissigkeit ins Glascken kineingelassen wurde. Derart konnte eine 
Geriiinselbildung meist verhindert werden. Wenn das aber nickt 
moglick war, so wurde sowokl ein Teil des Gerinnsels, als auck das 
Zontrifugat separat ausgestricken, gefarbt und das Auszahlungsresultat 
beider Stellen miteinander verglicken. Verwertet Wurden dann die 
jilittelwette. Wie Kauffmann selbst diese Eeklexquelle der Inkomo- 
genitat zu vermeiden gesuokt hat, wissen wir nickt, weil sick dies- 
beziiglick keine Angaben in seinen Arbeiten befinden. Beim grossen 
Untersckied des Gerinnselzellbildes und desjenigen des Zentrifugats 
ist aber die Verarbeitung eines moglickst komogenen Materials not- 
wendig. Da das Sediment beim Earben manckmal mit abgewaschen 
wurde, kaben wir in einer Eeike von Fallen die Objekttrager mit Ei- 
weiss vorprapariert; bei geniigend langem Trocknen und kurzer Hitze- 
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fixation lasst sicli aber clas Abw'ascbeii des Priiparates so gut wie iin- 
mer vcrmeiden. Wir liabcn folgcnde Farbuiigen vorgeuommen: 

1. Aufangs habeu mr als Yorfarbung Jcuner-May-Griimxald Losiing 
{eosinsuurcs Metbylenblau) uiit dor gleiclien Moiige destillierteu "Was- 
sers verdiinnt angewandt und jiacb Kaui’fmann 10 S'ekiuiden laiig mit 
kouzeiitricrtor, ■U'iissriger iMctliylonl)laulbsung iiachgefarbt. Diesc 
iletliode habeii ^vi^ spiiter verlasseu und die Xaclifarbung wegen der 
scliynercn ICernfiirbung mit vcrdiinntcr Gicmsalosung (8 Trojjfeii auf 
5 ml destilliertcs "Wasser) 3 — 10 !Minuton lang vorgeuommen. 

2. Bei einer Ecibe von Ivrankcu vur<len Pliagozvtoseversucbe mit 
Stapliylokokkcn vorgeuommen. Die Farbuim dieser Ausstriche crfolgte 
mit wassriger I\retbylcnblaulbsung nach Fixierung mit abs. Alkoliol 
10 Sekunden lang. Der Pliagozytosoversuch wurde analog der von 
Leitner in andoren Arbeitcn (1) zuletzt in der Yonographie »Die intra- 
vitale lvnocbenmark.-;untorsucliung’> (Basel. B. Sclnvabe, 1945) be- 
scliriebencn Tcclinik ausgcfiihrt: In die i'risch entnommene Kantba- 
rideublascnfliissigkcit \vurde 1 Tropfen einer Aufscliwemmung von 
Stapbylokoldais pyogenes aureus eingebraebr und clas Kdbicben fiir 
1 iStunde bei o7° in den Brutsebrank gcstelh. Xaebber vurden die 
Ausstriebe nacb der sebon gescliilderten iMethode angefertigt und die 
Farbung vorgeuommen. 

Diese Ver.sucbe ergaben, da.ss sicb die Lympbobistiozyten an der 
Pbagozyto.se beteiligen. 

3. Bei cincm Toil der ICrankeii v'urde die PcivxiiJascfdrbHng nach 
^losclikovAski ausgefiibrt, um die Frage dor Oxydasepositivitat der 
Lympbobi.stiozyteu zu prlifen. 

4. Bei cinem Toil dor Ivranken vurdo die ]\lcl]tij}(jrun-Pyroninjiirhun(j 
vorgeuommen, um die Frage dor Zugeborigkeit der lympbozyteuabii- 
licbeii Zellen zu den Lynipbozytcn zu priifen. 

Bei 111 Ivranken ■\vurdeu Jiivxis^ba^tihimu-Agcn ini Bhit und in der 
KantJifiridcnblasc vorgenommen, rvobei das Eefraktometer von Pulfricb 
und das A’iskosimeter von Hess angevandt wurde. YTr siud uns be- 
wusst, class die refraktometriseb-viskosimetrisebe Yletbode ibre Fcbler- 
quellen bat und fiir den Gesamteiweissgebalt eber zu bobe Y erte an- 
gibt. Da es uns aber auf den Yergleicb ankam, vMren die YYrte dock 
brauebbar, umso mebr, als geringfugige Untorsebiede fiir unsere 
Zweeko docb niebt verwertbar sind. IVir balmn die Gcsamtciicciss- 
iccrle und clas AlbitminjGlohidinvcrluillnis bestimmt, wie dies in kli- 
niseben Laboratorien iiblicb ist. 

Auf die Tecbnik 'weitercr Unter.suchungen geben wir uocb bei der 
Bespreebung dor Ergebnisse ein, bier sei nur erwiibnt, dass aucb das 
Ferbalten des Blaseninbaltes nacb Beeinflussung des EES mittels 
tnlravcndscr Kongorolinjcklion, ferncr nacb Allergisioiuug dutch Tuber- 
huhngahen sowie nacb Herabsetznng des Parasympatbikotonus durcb 
Bellajolin geprlift wurclc. 

Da Ivauffmann dor Untersuebung der Eantbaridcublase cine ge- 
wsse Bedeutung fiir die Diagnose und Prognose der Lungentuberkuolse 
beimass, baben wir bei der ersten Hii fte unserer Untersuebungen 
parallel zur Ivantbaridenblase immer cine Blutsenkung und ein Bint- 
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bild angefertigt und die Eesultate mit denen der Blasenmetbode ver- 
glicben. Um die nomale EeaktionsWeise kennen zu lernen, kaben -wir 
bei 10 Gesunden bzw. Patienten mit nicbt mebr alrtiver Tuberkulose 
den Kantliaridenblaseninbalt nntersucbt. 

2. Die G-esarntzellzahl. 

Die ZeilzaM stelit in einer ziemlicli festen Beziekung zur 
Durclisiciitigkeit des Blaseninkaltes. Bei einer Zellzakl von 2,000— 

3.000 war die Blasenfliissigkeit kell-seros, durcksiclitig, bei zell- 
reicnen Exsudaten war sie triib nnd bei einer Zellzabl von 60,000— 

80.000 scbr triib bis eitrig. Bei Tuberkulose geboren eitrige Exsu- 
date zu den Ausnabmen, unter unseren Kranken befanden sick 
niir 2, bei denen die Blasenfliissigkeit voriibergebend einen 
eitrigen Gbarakter annabnx. Bei den spateren Untersucbungen 
baben wir die Gesamtzellzabl nicbt mebr bestimmt, weil man 
aus der Tfansparenz des Eeizexsudates auf sie scbliessen konnte 
und weil die Beststellung der genaiien Zabl mit der Art des Krank- 
beitsprozesses keinerlei Beziebung batte. Im Nativ- und Aus- 
stricbprfiparat liess sick die Zellzabl iiberdies scbatzen. 

3. Morpbologische Untersucbungen. 

Viel wicbtiger waren die Befunde bei den morpbologiscben 
Untersucbungen des fixierten Ausstricbpraparates. Zunacbst 
scbien es, dass die Auszablung von 200 Zellen nicbt geniigt, um 
einigermassen gleicbmassige und vexwertbare Eesultate zu ei- 
balten. Nach einiger Ubung zeigte sick aber, dass die von ver- 
scbiedenen Untersucbern vorgenommenen Auszablungen sebr 
gut iibereinstimmende Zablen ergaben. Wir unterscbieden zwi- 
scben grossen und kleinen lympb-bistiozytaxen Zellen (= ly.-hist. 
Z.), welcbe wohl nacb den Phagozytoseversucben die gleicbe 
Funktion baben, deren Verteilung uns aber trotzdem von Inte- 
resse zu sein scbien. Ferner baben wir aucb die Zellen notiert, 
die das typiscbe Ausseben der Monozyten batten. Ob sie aller- 
dings den Blutmonozyten entsprecben, erscbeint uns fraglicb, 
wabrscbeinlicb geboren sie zu den grossen Formen der ly.-bist. Z. 
Indessen ist es aucb durcbaus moglicb, dass einige Blutmonozyten, 
ebenso wie die Neutropbilen und Eosinopbilen, aus dem Blut in 
die Kantbaridenblase gelangten. 

Zur Entscbeidung dieser Frage und der Frage der Zugeborig- 
keit der ly.-bist. Z. znm EES gaben uns die Pliagozytoseversuclie 
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und die Peroxydasefarbimg Anlialtpunlcte. Erstere Versuclie 
ergaben, dass die kleinen und die grossen ly.-bist. Z., auch. die 
monozytoiden, an der Pliagozytose beteiligt sind. Die Peroxy- 
daserealction war bei den ly.-bist. Z. in der Eegel negativ. Die 
Monozyten des Elutes geben mit der Moschkowski’scben Metbode 
eine scbwacb x^ositive Peroxydasereaktion, so dass der negative 
Ausfall der Peroxydasereaktion bei den ly.-bist. Z. gegen die 
Identitiit der monozytoiden Formen mit den Blutmonozyten 



Abb. 1. Epitbelzollvcrband in der Kantbaridonblnso (1200 X ). 


spriebt. Selten einmal war bei den grossen, rundkernigen ly.-bist. 
Z. eine Andeutung von einer Peroxydasefarbung zu seben. 
Sebliesslieb sei nocb erwabnt, dass aucb bei Kranken mit starker 
Blutmonozytose keine Yermebrung der Monozyten in der Kantba- 
ridenblase feststellbar war. 

So war bei einem Kranken mit Primartuberkulose und Pleuri- 
tis der im Blutbild eine Monozytose von 27 1/3 % Monozyten 
auBvies, keine Yermebrung der Monozyten in der Kantbariden- 
blase zu beobaebten. 

Wabrend diese Untersuebungen, namentlicb der Pbagozytose- 
versueb, fiir die Zugeborigkeit der ly.-bist. Z. zum RES spreeben, 
konnte diese Deutung durcb die Metliylgrun-Pyronin-Fdrhung 
niebt gestutzt werden, da sie sowobl bei den grossen, als aucb 
vor allem bei den kleinen ly.-bist. Z. eine Rotfarbung des Proto- 
plasmas zeigte. Es ist aber zweifelbaft, ob man ans diesem far- 
beriseben Yerbalten auf die lympbozytar-plasmazellulare Natur 
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der ly.-liist. Z. scMiessen kann; es sclieiat vielmelir walirsclieiiilich, 
dass die Rotfarbung auf die stark basopliile Realrtion des Proto- 
plasmas zuruckzufiikren ist, da, wie sckon erwalint Avurde, die 
Lymphozyten niclit pbagoz 5 '^tieren. Anr Avalirsckeinliclisten ist 
es, dass die iy.-liist. Z. zum RES gelioren und von den Eferzellen 
der Gefiisse nnd vom Retilailum der Hant abstammen. Bei der 
Benrteilung der Praparate ist aber darauf zu achten, dass die 
ly.-bist. Zellen baufig eine grosse Abnlicbkeit mit Bpitbelzellen 



Abb. 2. L 3 'mpliobistiozyfcen in der Kantbnridonblnse (1000 X). 


anf-vreiseu, welcbe von der Blasemvand abscbilfern. Besondere 
Vorsicbt ist geboten, wenn solcbe Zellen in Verbanden vorkom- 
men, Avobei es sicb meist um Epitbelzelh^erbande bandelt (Abb. 1). 
Bei den typiscben Epitbeizellen ist die Entscbeidnng leicbt, 
namentbcb, As^enn zusammenbangende Verbande A^orbegen. Mancb- 
inal, besonders bei Einzelzellen, ist dagegen die Entscbeidnng 
scbArer’ nnd Avir mussten die Diagnose oft offenlassen. Es ist aber 
nicbt so, dass Bpitbelzellen in den ineisten Eallen abscbilfern nnd 
die Diagnose nnsicber macben; Anelmebr konnten AAur baufig zell- 
arme oder ancb zellreicbere Reizexsndate beobacbten, avo keine 
einzige, mit Sicberbeit als Epitbelzelle identifizierbare Zelle 
feststellbar Avar. Die typiscben Lympbobistiozyten sind in der 
Regel leicbt zu erkennen. Bei den grossen Eormen sind die Kerne 
der Zellen gross, das Protoplasma deutlicb erkennbar (Abb. 2.), 
Avabrend bei den kleinen Eormen der Kern baufig die ganze Zelle 
einnimmt nnd der ProtoplasmasaunA, analog den Blntlympbo- 
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?’.\'teu kftuui odor gar niclit crkcniibar ist. Bci den iibrigen Zcllen 
std?st die Diagnose anf koine Scliwicrigkcitcn. Die Ncutropliilen 
golangen, wic sebon erwiibnt. wurde, ans den Blutgefasscn in die 
Ivantliaridenblase, ebenso die Eosinophilen, wenn ancli cin 
Parallclisinus zwisclien Blut- und Blaseneosinophilie nicht bcstelit. 

3 n. Dio Eosinophllio. 

Wir l)eginncn die zableninussigc AViedergabe unsercr Befunde 
init den Eosinopliilen, bei denen die Verhiiltnissc am iibcrsiclit- 
liehsten sind. Unter ‘221 Krankcn fanden wir bei 30 oine Ycr- 
rnelirung dor Eosinopliilon im Beizexsudat von iiber 4 %. Bci den 
moisten dioscr Krankon lag aneb einc Bhitoosinopbilic vor, docb 
ging doron Grad niebt mil dcr Eosinopbilon/abl im Blaseninbalt 
parallel, sondern wir konnten, wie sebnn erwiibnt wnrde, aneb 
bei loiebt erbobter odor normalor Blutcosinopbilonzahl eine 
Eosinopbilio im Blaseninbalt linden, Zur Erkliirnng dieses Ver- 
baltens imiss eine ICosinotaxis im Bereicb dor ICntziindnng angc- 
nommen werdon, die moglicberweise fiir allergiscbe Vorgiijige 
spric’bt. Immorbin konnten wir in jo eineni Falle von Morbus 
Boeck bzw, Astbma bronebiale die bdebste ICosinopbilcnznbl in 
dor Kantbarideiiblase feststellen, bei denen die Zabl der Blut- 
eosinopbiien 14 *^0 bzw. 12 betrng (Gesamtleukozytenzabl in 
normalen Grenzon). Die Tabelle 1 zeigt unsore Befunde. Dabei ist 
die Art des tuberkuliisen Prozesses angegeben, um zu seben, ob 
sicb Sebliisse auf die Zugebdrigkeit der Tubcrkulose zu einor 
besonderen allergiscben Lage ergeben. 

Der Meebanismus der Keranziebung der Eosinopbilen an don 
Ort der Entziindung ist nocb niebt bekannt, wir wisson aber ans 
den expcrimentellcn Untersuebungen von Knllds und I’agel, 
AValfber u. a., dass bei im Tierversueb bervorgerufonen Anapby- 
laxien eine Ansammlung der J’iosinojdiilen am Orte der Ent- 
zilndung (Lunge) nacbweisbar war, gleicbgiiltig, ob die allcr- 
gisebe I'jntziindung durob Ili.stamin odor durob Sensibilisierung 
mit Iviweiss bervorgerufen wurde. AVir .selbst. konnten durcli 
kutane Histamingabon (gemeinsame Unter.sucbungen mit Prof. 
Biesser) im Blut und im Knoebenmark von Aleorscliweincben nur 
eine geringfiigige Eosinopbilio feststellen, die dazu niebt einmal 
regelmiissig zu beobaebten war (vgl. Bcricbt des Schweiz. For- 
sebungsinstitutes, Davos 103S durcb Prof. Boulet). Audi beim 
Menseben wurde bei allergiscben Pneumonien, bei den eosinopbi- 
— 'iS2]7i. .iefn inrd, Kcavdiiuir. Vo}. CXXXL 
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Tftbclle 1. 

(Eosinophilie.) 


Diagnose 

Znhl 
d. Fiillo 

Zahl der Eosinopbilen in % 

Spondylitis tbc 

5 

12.5, 4.5, 10.5, 5, 4.5 

pieuriti.s e-wuciativa 

2 

11.5, 5 

Peritonitis tbc 

1 

23 

Primiirfcaljerkulosc — 

3 

9, 6, 6 

Geler.ktuberknlose 

1 

20 

Hiiraatogene Lungentuberkulose . 

7 

22, 15, 15. 14, 12.5, 9, 5 

Miliartbo dor Llingcn 

1 

25j5 

Jridozyklitis tbc 

3 

12, 6, 5 

Frah- und Sekundiirinfiltratc . . . 

4 

10, 9, 8, 7 

Kavernose Limgcntuberlculosc. .. 

G 

17, 10, 7, 5.5, 5, 5 

Morbus Boeck 

1 

41.5 

Asthma bronchiale 

1 

32 


leu Lungeninfiltraten, eine reine eosinoplcile Pneumonie liistolo- 
gisch nachgewiesen (v. Meycnburg). 

Es ware von Interesse, w'enn man ans den Ergebnissen anf die 
allergiscbe Lage der Tuberloilose nacli Banke scbliessen konnte. 
Wenn wir unsere Ealle daraufhin betracliten, so zeigt sick, dass 
unter den 36 Kranken 22 Prozesse aufweisen, die znm sekundaien 
Stadium von Ranke geboren (intra- nnd extrapnlmonale hiima- 
togene Tnberkulosen). Da diese Zablen nock nicbt eindeutig sind, 
uatersucken wir das gleicbzeitige Verbalten der Lymplioliistio- 
zyten. Von den 36 mit Eosinophilic einhergehenden Eallen wieseu 
28 eine ly.-hist. Realction im Beizessndat auf. Diese Zahl sprickt 
fur einen haufigen Parallelismus der ly.-hist. und EosinopHlen- 
kurve. "Wahrend Kauffmann die neutrophile, eitrige Beaktion bei 
Pneumonie auf hochallergische Vorgange zurvickfuhxt und ffik 
dem Arthus-Phanomen in Beziehung bringt, sprechen diese Beob- 
achtungen eher dafiir, dass hei Tuherkulose, wenigstens in be- 
stimmten Krankheitsphasen, die ly.-hist. Realdiion mit aller- 
gischen Vorgangen zu tun haben konnte. Die Zahl der ly.-hist. Z. 
schwankte bei den 28 Kranken zwischen 11 % nnd 51 %■ Am 
hoohsten waren die Prozentzahlen bei einer hamatogenen, dop- 
pelseitigen Lungentuberkulose, bei der es zu einer Kavernen- 
bildung im rechten Oberfeid kam und die durch einen extra- 
pleuralen Pnx gunstig beeinflusst wurde (ly.-hist. Z. 54 %)> 
ferner in einem Ealle von exsudativer, subprimarer Plemitis 
iS8 %), in je einem Ealle von Iridocyclitis und Spondylitis tbc 
(23 %) und in einem weiteren Ealle von Spondylitis (20.5 %)• 
Bei 2 kavernosen Tnberkulosen mit einer ly.-hist. Zahl von iiber 
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20 % liandelte es sicli urn einen Mann init multiplen, liilinatogenen 
Loclikavernen, bei dem eine Pnx-Bebandlung zu gutem Erfolg 
gefiihrt bat nnd um eine 23]. Patientin mit doppelseitiger kaver- 
noser Lungentbc, bei der ein Pnx links angelegt "wiirde (ly.-bist. 
Zablen 29 bzw. 27.5 %). Beim ersten Pall ist die bamatogene 
Genese der Kaverneii sebr wobl mogbcb. Es sei nocb erwabnt, 
dass im Ealle der Broncbustuberkulose, bei der broncbo- 
skopiscb eine Obturation des recbten Unterlappenbroncbus mit 
tbc. Granulationsgevrebe feststellbar war (bestatigt durcb die 
bistologiscbe Untersucbung eines Probeexzisionsstiickes) ein 
astbmatiscb-dyspnoiscber Zustand mit Atelelctase des recbten 
Unterlappens bestand. Ob die Eosinopbibe von 24 % durcb den' 
astbmatiscben Zustand bedingt, also selcundar war, liisst sicb 
nicbt entscbeiden; die ly.-bist. Zabl betrug 18 %. 

Obscbon eine Eosinopbibe in der Kantbaridenblase bei den zum 
sekundaren Banke’scben Stadium geborigen Tiiberlailoseformen 
baufiger feststellbar war, so sind die Befunde docb zu wenig 
eindeutig, als dass die Metbode diagnostiscb fiif die Annabme 
eines bestimmten Ranke’scben Stadiums verwertet werden 
konnte. Vielleicbt vermag aber eine Eosinopbibe im Blaseninbalt 
aucb bei feblender Bluteosinopbibe etwas liber eine allergiscbe 
Eealctionsbereitscbaft auszusagen. 

3 b. Die neutropbile und lymph oMstiozy tare Beaktion. 

Eine Neutropbibe ist in der Kantbaridenblase normal wenn 
die Zellzabl nicbt erbobt ist. In der Krise akuter Krankbeiten 
kommt es mancbmal zu einer enormen Vermebrung der Zellen 
ganz auf Kosten der Neutropbilen. Eine lympbo-bistiozytare 
Realction liegt aber in jedem Ealle ausserbalb des Bereicbes der 
Norm, wobei wir eine erbobte Zabl erst bei mindestens liber 10 % 
annebmen. Bei der Prlifung der Ealle auf eine neutropbile bzw. 
lympbobistiozytare Reaktion bin sind zwei Eragen zu erorterii: 
1. Die Erage ob sie fiir die Zugeborigkeit zu einem allergiscben 
Stadium etwas aussagen und 2. ob sie fiir die Diagnose und 
Prognose der Tuberlailose im Sinne von Kauffmann verwertbar 
sind. Unter unseren Kranken wiesen 68 eine neutropbile und 78 
eine lympbobistiozytare Realction auf. Die Gruppierung der Ealle 
zeigt die folgende Tabelle 2. 

Bei den anderen Kranken war eine normale Zellzusammen- 
setzung der Kantbaridenblase feststellbar, d. b. Neutropbibe obne 
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Tabclle 2. 


Diagnose 

Neutropbile 

Beakt. 

Ly.-hist. 

Reakt. 

1. Knochen-Gelenktuborkuloso 

5 

9 

2, Peritonitis 

3 

6 

3. Pleuritis exsudativa 

6 

2 

4. Iridozvklitis tbc 

1 

2 

5. Lymphdriisentuboiknlose 


2 

6. Kierentbo 

1 

— 

7. Hamatogene Aussaat der Lungen 

3 

16 

8. Miliartuberkrdose 

— 

1 

9. Genoralisierte vorkiisende Tbc dcs ly.-Syst. , 

— 

1 

10. Morbus Besnier-Boeck-Sohaumann 

— 

4 

11. Primartuberkulose dor Lunge 

3 

5 

12. Primarkavorne 

— 

3 

13. Pruh- und Sekundarinfiltr. der Lungo 

7 

6 

14. Kavernose Lungentuberkulose 

38 

20 

15. Bronoiiustuberkuloso 


2 

16. Keine aktive Tubcrkulose 

1 

2 

17. Asthma bronchiale 

— 

1 

Insgesamt 

68 

78 


Vermehrung der GesamtzellzaliL Wenu wir die 146 Falle der 
Tabelle 2 analysieren, so ergibt sicb, dass eine ly.-bist. Reaktion 
bei den zum sekundaren Ranke’scben Stadium geborigen Rrozes- 
sen biiufiger zu beobacbten war, als bei den Tertiartuberlculosen. 
Besonders deutlicb war das bei den 20 Kranken mit hamatogener 
Lungentuberkulose (inklusive Miliartbo), von denen 17 (85 %) 
eine ly.-bist. Reaktion und nur 3 eine neutropbile Realction auf- 
wiesen. Die ersten 10 Kjankbeitsformen der Tabelle 2, bei denen 
die Zugeborigkeit zum sekundaren Stadium von Ranlce anzu- 
nebmen ist, waren 43 ly.-bist. und 19 neutropbile Reaktionen 
nacbweisbar. Weniger deutlicb ist dieses Verbalten bei den iso- 
lierten Organpbtbisen, bei den kavernosen Lungentuberkulosen, 
von denen 38 eine neutropbile und 20 eine ly.-bist. Reaktion 
zeigten. Aucb wenn wir annehmen, dass einige kavernose Tuber- 
knlosen mit ly.-bist. Reaktion als bamatogene Ravernen anzu- 
sehen sind (bei 3 Kranken typiscbe bamatogene Locbkavernen), 
ist die Verteilung der Falle nicbt so uberzeugend, well von 55 
Fallen immer nocb 17 eine ly.-bist. Reaktion aufweisen. Aucb 
bei den Knocben- und Gelenktuberlculosen ist die Zabl der neu- 
tropbilen Reaktionen relativ boob, wenn aucb die ly.-bist. Reak- 
tionen iiberwiegen. Das gleicbe trifft aucb auf die Peritonitiden 
zu, wabrend sicb bei den Pleuritiden sogar mebr neutropbile 
Reaktionen finden, als lympbobistiozytare. Von den 8 Pleuri- 
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tislcranken geliortcn 6 zu den. subpriraaren Formen, die im All- 
gemeinen znm sekundiiren Eanke’schen Stadium gerechnet war- 
den, obschon eine Generalisation, namentlicb bei der Kontaktent- 
steliung der Plenritis, keineswegs immer gesicliert erscbeint 
(vgl. die !Monographie iiber Primartuberkulosen von Leitner und 
Steinmann'). Ebenso wenig aufscbliissreicb sind die Zablen bei 
den Friih- und Sekundiirinfiltraten, wo die neutropliilen und l 5 ^- 
hist. Realctionen sicli die AVaagc balten. Zusamnicngefasst ergibt 
sick, dass die Generalisationsformen der Tuberkulose liilufiger 
luit ly.-bist. Reaktion cinhergeben, als die isolierten Organ- 
phthisen, wcgen der vielcn Ausnabmen ist aber eine zuverliissige 
Unterscbeidung der Ranke’scben Stadicn nicbt moglicb. "Wir 
geben dabei au{ die Frage bier nicbt cin, ob das Ranke’scbe 
Schema cine grossc praktiscbc Bedeutung bat, odcr nicbt; wcnn 
wir vor Augcn balten, dass Stadieninterpositionen bzw. riick- 
liiiifigc Stadiumwccbsel nicbt selten vorkommen, so bebiilt die 
Rankc’scbc Eintcilung ibrc Bedeutung, weil sic nicbt nur das 
momcntanc klinisebe Bild, sondetn das Tuberlailosegescbeben in 
seinem Ablauf in den Vordergrund stcllt. Obsebon unscre Befunde 
keine vollige Bestiitigung der Knuffmann’seben Auffassung uber 
die ly.-bist. Rcalrtion als Ausdruck der Anspreebbarkeit des EES 
erbraebt baben, so verdienen die Feststellungen der baufigen 
ly.-bist. Realction bei den Generalisationsformen der Tuber- 
kulosc (Ranke II) dock unscr Interesse, weil sie immunbiologiscbe 
Vorgiinge in ibrer Beziebung zum RES zu beleucbten vermogen. 

3 c. Dio Kantbaridonblaso im Verlauf dor Tuberkulose. 

■\Vabrcnd etwaige Beziebungen der K. B. R. zur Ranke’seben 
Lebrc Kauffinann nicbt untersuebt bat, stelltc cr die diagno- 
stisebe Brauebbarkeit der Realction im Yerlauf dor Tuberlailose 
in den Vordergrund. Da dieser Frage eine grossc praktiscbc 
Bedeutung zukommt, baben wir bei ciner Reibc von Ivranken 
allc 3 — 4 AYoeben eine Kantbaridenblase aufgclegt und die 
Blascnfliissiglceit in der iiblicben Weisc untersuebt. Die Ergeb- 
nisse wurden mit dem kliniseben Bild, Blutsenkung, Blutbild, 
bei einigen Krankcn aucb mit der Weltmann’scben Reaktion 
vergliciien. Die Resultato konnen wir kurz fassen: von 44 Fallen 
ging die ly.-bist. Kurve in 29 mit der kliniseben Entwieklung 
parallel, wabrend sie dem kliniseben Verlauf bei 15 Ivranken 
nicbt entspracb. Bei den 29 Ivranken mit gleicbsinniger Ent- 
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wlcklung des Kranicheitsverlaufes und der KBR war aber auch 
Icein regelmiissiger Parallelismus zwiseben der Blasenreaktion 
\md dem Idinischen Verlauf feststellbar, indem die Zunabme der 
ly.-bist. Z. bei giinstiger Eutwicklung graduell nicbt immer den 
anderen Untersucbungsmetboden entsprach; das gleiche gilt 
aucb von dor Abnabme der Lympbobistiozyten bei ungunstigem 
Verlauf. Bei den 15 Kranlcen war die Diskrepanz zwiseben kli- 
niseber Entwicklung und KBR deutlicb, wabrend die Senkung 
bier nur bei 0 und das Blutbild bei 8 Kxanken versagte. Als 
Beispiele seien Kurven von 6 Kranlcen gebraebt. In der Abb. 3 
sind 3 Kurven mit giinstiger ly.-bist. Keaktion abgebildet, die 
dem kliniseben Verlauf ganz entspracb; liber die Falle ofientieren 
kurze Krankengescbichtenauszuge. 


Lymphohistiozyten 



Fall 1. W. H. 19j. Haustochter wird mit einer Primarkaverne im 
xecbteii Unterfeld parakardial und exsud.-prod. Tbc im linken Mittel- 
und Unterfeld mit Kaverne eiugewiesen (Kav. reebts 3.S X 3.s cm, 
links 2.2 X 2.8 cm). Sputum positiv (Gaffky + IV), Senkimg 49/82 
mm, Blutbild: L. 7,750 mit Lympbopenie von 14 % und Monozytose 
von 14 %. Nacb doppelseitigem Pneumotborax Besserung,'die Kaverne 
reebts blieb aber nocb offen. Desbalb Pbrenikusoperation lecbts, die 
zu einem vollen Erfolg fiibite. Die ly.-bist. Kuive zeigte einen Anstieg 
von 1 auf 16 %, dann bei einem Eezidiv einen Eiickgang auf 2 %; 
nacb definitiver kliniseber Besserung stieg die Lympbobistiozytenzabl 
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a\if 52 %. Zu dicser Zoit Kavcrne niclit nacliWcisbar, Sputum negativ. 
Scnkung 10/38 mm. Blutbild normal. 

Fall 2. M. E. 12]. Miidchcn u'urde mit cinem nocli niclit solir lange 
zurucklicgcndcn Primiirinfckt (anamnestiscli ca. 1 Jahr) icclits und 
hamatogencu Streuhcrden im linkcn Oborfeld cingcwicscn. Bei Icon- 
.servativcr Bchandlung kam cs zu einor sukzessivcn Besserung, so dass 
da.s Kind inaktiviert entlasscu "Werdcn koimtc. Die ly.-hist. luirvc 
zeigte zuniichst cinen Eiickgang von 9.5 auf G % und dann einen suk- 
zessiven Anstiog auf 32 %; dauach sank die ly.-liist. Zalil auf 16 %, 
olinc dass klinisch eiii Grund liicrfiir gefunden ivcrden konntc. 

Fall 3. D. J. 22]. Jiliidcbeu wurde mit cincr doppclseitigen miicli- 
tigen HilusdriisonsclnVcllung cingcVi'icscn, die sick als die Hilusdrusen- 
form dor cpitkcloidzelligcn Granulomatose kcrausstellte (M. Boeck). 
Tiibcrkulin bis 1 : 100 ausgcu'crtet negativ, Senkung S/22 mm. Blut- 
bild Lcuko. 4050, davon Eos. 5, Mono. 10 %, sonst o. B. "Wnlirend dor 
Kur crheblicbe Besserung, Eiickbildung der HilusdriisensclnVclIung und 
BesclnVerdefreiheit. Die ly.-kist. Kurve zeigte cinen Anstieg von 14 
auf 33.5 % und blicb mit Sclnvankungen moist iibcr 30 %. 

Die niiclisten 3 Kufvcn zeigen einen Abfall der ly.-kist. Zaklen, 
dor bei 2 Kranken eincr klinisclicn Versckleclitcrung cntsprack, 
wiikrend bei dcr letzten Kranken trotz dor Blasenreaktion cine 
Besserung cintrat. 

Fall 4. K. H. 18j. Miidekon AViirde mit einor Primarkaverue im reck- 
ten Untcrfeld in die Heilstiitte cingeviesen. Tin Sputum reicklick TB, 
Senkung 27/53 mm. Blutbild: L. 8,700, davon B. 2, Eos. 5, Stab. 1. 
Segm. 50.5. Ly. 31.5. Ulo. G.5. Plasmaz. 0.5 %. Da bei konservativer 
Kur keinc Bc.ssorung cintrat Pnx rcckls. Obsekon koine Adkii-sionen 
be.stnndcn, kam cs nickt zu cinem lAavcincnkollaps. Pat. katte stiindig 
erkokte Temperaturen. Pat. wurdc nack eincr lOmonatigcu ICnr in 
cin Ticflandlcrankcnkans vorlegt, Vo sie ikrem Leiden crlng. Die ly.- 
kist. Kurve zeigte nack Sckv'ankungen cinen Abfall von 34.5 auf 10.5 %, 
das Blutbild cinen Eiickgang dcr Lympkozytcnzakl auf 1,0.5 % bei 
cincr Monozytosc von 12 %, Gev'icktsabnakmc von 52.0 auf 4G.S Kg. 

Fall 6. S. IT. 19j. jMadckcn wurdc mit cincr prod.-c.xsud. Tbc des 
rcckten Oberlappcns mit mckreren Ivavcrncn cingcwicscn. Senkung 
85/110 mm. Blutbild: L. 7,750, davon Eos. 2, StabK 6, Segm. G9, Ly. 
20, Mo. 3 %. Pnx War Wcgcii flackenkafter Adkiisionen niclit moglick. 
Es kam zur Streuung und Kavcrnisicrung links, weskalb cin Pnx links 
angclegt werden musstc. Kack Besserung links wurdc cine Pneumolysc 
reckts vorgenommen, es War aber nur cine klcinc Ablosung moglick, 
so dass dcr extraplcurale Pnx umvirksam war. Es Wurdc deskalb eine 
G-Eippcnplastik vorgenommen, die zur cincr wescntlickcn Besserung 
mit Verklcinerung der Kavernen fiikrtc, das Sputum blicb aber nock 
po.sitiv. Die ly.-kist. ICurve zeigte eincii Abfall von 38 auf 1 % und nack 
dcr Plastik cinen Anstieg auf 12 %. 

Fall G. jM. L. 34] . ITausfrau Wurde mit cincr prod.-kavernosen Tbc 
des linkeii Oberlappcns eingewicsen. Da dcr Pnx infolgc cincr frukeren 
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Pleuritis nicht moglicli war, wurde eine Kavernendrainage vorge- 
nommen, die ?>n siaeni {Uisgczeiclineten Eifolg fiihrte, der jetzt seifc i 
Jahien anhait. Die Zalil der I - ' ■ "'1 sukzessive von 

42 auf 25 %. Die laMgjiihrige . , ■ ■ spriclit far das 

Veisagen der Kauffmami’schen Metliode, allei dings iat aucli die Sen- 

% Lymphohistiozyten 



kung versagt, Vt-eil sic ebenfalls eihohte Werte zeigt. Moglicherweise 
ist die Senkung auf eine leiclitc Suppuration im Stichkanal zuittck- 
zufukicn (der Katbeter Wurde nocb nicbt entfernt). Ob die ly.-hist, 
Abfall ebenfalls darauf berubt, ist nocb unsicber; das Blutbild blieb 
trotz crbobter Senkung normal. 

Almlicbe Kurven fanden wir wiederbolt bei Kranlcen, bei denen 
der Krankbeitsverlauf giinstig war und mit dem Abfall der 
Lyiupbobistiozyten nicbt im Einklang stand. Die zablenmiissigea 
Dnterscbiede waren mancbmal gering, aber dock deutlicb. Aucb 
im, umgekebrten Sinne batten wir Versager, deutlicbe ly.-bist. 
Reaktion^ bei ungunstigen Fallen. Die stiifkste solcbe Reaktion 
saben wir bei einer Kranken mit der von nns bescbriebenen 
generalisieften, verkiisenden Tbc des lympbatiscben Systems' 
mit Tuberkulinanergie. Diese Beobacbtung zeigt zugleicb, dass 
die Auffass ung von Kanffmann iiber das Ansbleiben jeder Reak- 

1944^8!^”'’^’ 277—323 (1940); Schweiz. mod.Wschr. 



>r. j. i.riTXKr. r.vn w. tiialmax-v. 
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Boi Be.'^erung tier Tubcrknilose im Sinnc eincr pro- 
»itskriv”fr. IknwAudkuig bun znuacli.^t y.n eincr Vonnchrnng 
.-I- r liVjr.pholuVtioi'.yten, .‘jpater, bci klinisclier lleilung ?.u einer 
XcrinaU-icrung, mit liiickgHng tier Gesn mtKcllenxulil unci Ab- 
rKihme der Lvinpliolnstioxytc!!. Da or die Lyinidioliistioxyton 
vfun BE^ iddeiter nnd die })roduktivcn Vcranderungcu im Tuber- 
i.vl eb.;nf.-d}.« durcb Ilypcrplasic der rctiknlocndothelialcn Zellcn 
.•nl:'tclc:n, I'iilirt or da*-: 1‘arallelgebcn der granuloniatoscn Ver- 
andt runu’cn in d«T Lunge und die lymphohistoKrtiire Heaktion 
in der Kajitiiaridcublase nuf gloicdiartige Vorgiingc itn llES bci- 
dt-r Organe rnriick, wobei der Allergic cine grossc llolle boigo- 
nu>'en ^vird. Kauffinann ptiUxt sich dabei anf die Arbeiten von 
<b:r im Tiorver.such nuf den glcichen entzundungserregon- 
tion Koiz cinmal iiberwiogend noutropliile, anderenialc cosinophik; 
od‘T lynvplinidc Zellon im akuten Entzundungsgebiet- crscheincn 
f-aii, mid dan formale Gcschehcn des Entzvindungsgebietes fiir 
eins der feinsten .Syinptomc der cingetretonen Allergic liiclt. 

In die«em Zin-'ammcnhang nnissen Avir nns zuniichsb vergegen- 
wilrtigen, um was fiir oinc Ecaktion es sick bci der Kantliuridcn- 
Mase \ibcrka\ipt kandclt. Giinsslcn kiilt den Knntbaridcnblascn- 
inluill fiir Gcwobpflilssigkeit, deren Bosekaffonheit von den im 
(Jmvelic zirkulierondcn Kolloiden nnd Krista lloidcn abln’ingt; or 
sfhrankt diesc Anffassung zugloick aber cin nnd nimmt an, class 
tlic Blascnflussigkeit zum Toil auch direkt aus dein Blute stnmmt. 
Kauffmann evios in Seknittpraparaten nack, class der Biaseninkalt 
•Schklfse auf die Keaktion clcs Coriums zuliisst, so dass die Kantka- 
ridenblasc nnspczifisciic Beaktionen dos Hautorgans wicdcr- 
sniegi-k . "Wir kaben es donnack init eincr, wenn auck nickt reinen, 
Phganreaktion zu lun. AVir wissen aber sekon ans anderen Gekicten 


d(;r imteren Modizin, dass bioptiseke Dntcrsuckungcn von Organ- 
piinktaton cine Bereickcning nnscrer kliniscken ^Ictkoden dar- 
stcilen. wie das nns die JCrgcbni.sse der Sternal-, Lymplulruscn-, 
JUb- nnd Lcbcrpnnkiion zcdgein Als cine Iciclib reprodnzier- 
bare Bcaktiori einer drtlicken Entziindung dor Hunt Avar die 
Kanikaridenblasc fiir nns von Interessc. Es sei sekon bier betont, 
du'-s dif Blaseiifliissigkeit oinc andcre zellnlare Ilealction nufwics, 


ais 'lie Inbcrkniinpapel, wic nns das systemntiseke vergloickende 
I n!er:vncjmngen zeigten. Es sei ferner erwaknt, dass (lie Zellzu- 


j anirr.cnsetznng in der Kantkaridenklase nack unscren Befundon 


nii.'kt vom Blut bikl akhiingt, cine Yerrnekrung der Lym]>kokistio- 
j yjen ging luit finer Blutlympko- oder ^lonozytose nickt parallel. 
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Wir sind auf diese Frage an anderer Stelle naher eingegangen (2). 
Ausserdem ergeben die eiweisscliemiscben Untersucbungen An- 
haltpunkte fiir die Gefasspermeabilitat, wie wir das an unserem 
Fall 7 saben. Ferner baben Alder und Zarusld dem Eiweissbefund 
eine gewisse prognostiscbe Bedeutung beigemessen, weil sie in 
5 prognostiscb ungiinstigen Fallen einen niedrigeren Eiweissge- 
balt fanden, als in giinstigen Fallen, was sie auf eine Yerwasse- 
rung des Gewebes zuriickfuhren, 

Wir baben bei 111 Eiranken eine Bestimmung des Eiweissge- 
baltes und des Albumin/Globulinverbaltnisses iin Blut und in 
der Kantbaridenblasenflussigkeit vorgenommen {Metbode: Ee- 
frakto-Viskosimetrie nacb Naegeli-Bobrer). Die Eesultate sind 
weniger eindeutig und diagnostiscb weniger verwertbar als die 
morpbologiscben Befunde. Die Ergebnisse zeigfc die Fabelle 3, 
wobei wegen der Vergleicbbarkeit der Resultate aucb bier eine 
Gruppierung nacb selmndarer und tertiarer Tbc durcbgefuhrfc 
wurde. 

Tabelle 3. 

(Eitveisswerie in der Eaniharidenblase.) 

Eiweiss in % 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 Summe 

SekundareTbo. 1 6 21 17 15 3 2 3 — — 1 = 68 

TertiareTbc... 1 49885331— — = 43 

2 10 30 25 23 8 5 6 1 — 1 =111 

Es ergaben sicb also niedrige Werte im Blaseninbalt, die im- 
nier tiefer lagen als die Blutserumwerte. Da das Fibrinogen nur 
einen kleinen Teil der Bluteiweisskorper ausmacbt, konnen die 
tiefen Werte im Beizexsudat nicbt auf den Fibrinogenausfall 
zuriickgefiibrt werden. Es erscbeint vielmebr wabrscbeinlicb, 
dass sie auf der geringen Permeabilitat der Gefasse fiir Eiweiss- 
korper beruben, sind diese docb normalerweise aucb fiir die 
feindispersen Albumine nur wenig durcblassig; nocb mebr gilt 
das fiir die grobdispersen Globubne. Bei sekundaren Tuberkulose- 
formen batten 53 Kranke einen Eiweissgebalt im Blaseninbalt 
von 6.5 — 6.5 %, zu denen nocb 7 Kranke mit niedrigeren Werten 
kommen, so dass von 68 Kranken 60 (= 88.2 %) einen niedrigen 
Eiweissgebalt im Blaseninbalt aufwiesen. Bei den tertiaren For- 
men war der Prozentsatz nocb bober, voli 43 Kranken batten 
30 (69.7 %) Werte zwiscben 5.5 und 6.5% oder weniger. Eine 
Dnterscbeidung d.er sekundaren und tertiaren Tuberkuloseformen 
ist auf Grund des Eiweissgehaltes demnacb nicbt moglicb. Es 
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kommt offenbar nicbt auf die Zugeborigkeit zu diesen Formen, 
sondern auf die Scbwere der Tuberkulose an. 

Bei Scb'wertuberkulosen fanden wir ubereinstimmend mit Al- 
der und Zaruski relativ baufig eine Zunabme der Globuline, wobei 
die Blutserumwerte aber immer bober waren. Eine Verwasserung 
des Gewebes (Beizexsudates) durcb Wasseraustritt (berabge- 
setzter Eiweissgebalt) fand allerdings nicbt immer statt, mancb- 
mal, vrie im Fall 7, kam es zu einer relativen Albuminvermebrung, 
Tvas mit der Permeabilitat der Gefasse fiir die feindispersen Ei- 
weisskorper z-wanglos zu erklaren ist. Fiir die diagnostiscb-pro- 
gnostiscbe Beurteilung der Tuberkulose eignet sicb die Eiweiss- 
bestimmung im Beizexsudat wegen der zeitraubenden Tecbnik 
und schvreren Deutbarkeit der Eesultate nicbt fiir die Praxis. 


5. Das Verbalten des Kantbaridenblase nach. 

Tub erkulitdsierun g. 

Da die Beaktion in der Kantbaridenblase mit allergiscben 
Vorgangen in Zusammenbang gebracbt mirde, bat uns die Frage 
interessiert, ob eine Allergisierung durcb Tuberkubn Verande- 
rungen des Blaseninbaltes bervorzurufen vermag. Nacb Unter- 
sucbung der iiblicben Kantbaridenblasenreaktion mirde 0.1 ccm 
einer Tuberloilinlosung von 1 : 10,000 (bei Kranken die friiber 
auf Tubeirkulin stark reagierten 1 : 100,000) intrakutan injiziert. 
Gleicbzeitig und vreitere 24 Stunden spater umiden neue Pflaster 
angelegt und das Beizexsudat 22 bz-w. 44 Stunden nacb der 
Tuberkulinzufubr untersucbt. Gleicbzeitig VTirde die Starke der 
Tuberkulinreaktion notiert. Da die 44-bzw. 48-Stunden Beaktion 
bei der Tuberkulose als die eigentbcbe spezifiscbe Beaktion ange- 
seben wd, vrabrend bei der 24 Stunden Beaktion unspezifiscbe 
Komponenten mitspielen, ist der Spatrealdiion die grossere Bedeu- 
tung beizumessen. Friibere XJntersucbungen von v. Bomberg, 
Otfried Muller und Brosamlen, Leitner (3) (1929) sprecben dafiir, 
dass kleine intrakutane Tuberlculingaben sebr baufig eine Allge- 
mein-wirlamg baben, namentUcb bei Tuberkulosen, wobei be- 
stimmte Blutbildveranderungen eine allergisierende Wirkung 
annebmen lassen (0. Muller und Brosamlen, Leitner). Unsere 
Ergebnisse zeigt die Tabelle 4. 

Erganzend zu dieser Tabelle sei bemerlct, dass die Gesamtzell- 
zabl in 10 von 14 Fallen zunabm, z. T., sogar erbebbcb. Wabrend 
diese Zablen recbt eindeutig sind, zeigten die Eosinopbilen keine 
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tioii, aucli der Blasenbildimg, bei Anergie, fiir die Tuberkulose 
nicbt zutrifft: 

_ Fall 7. H. 16j, Madchen macbte 8 Monato vor der Aufnahme 
cine tbc. Primaiinfektion init Erj-tlieina nodosum duicb. Beim Eintiitt 
war das voile Bild der gcneialisicrten verkiisenden Tbc des ly. Systems 
mit gtossen Driisen foststellbar. Der \cilauf war unauflialtsam piogie- 
dicnt, Pat. staib untcr den Eiscbeimingen ciner tberapieiefraktaren 
tbroml>openiscben Purpura und Peritonitis. Die Sternalpunktion ergab 
neben ciner mycloiscbeu Linbsverscbiebung eine aplastiscbe Eeaktion 
der Tbrombopoiese. Sektion: Sebwere verkasende Tbc der tborakalen, 
und abdonrinalen L}Tnpbknoteu, der Milz, der Leber, ausgedebnte 
biimatogeuo Lungentbe. Die 10 Tagc vor dem Todc angelegte Eantba- 
ridenbhise wies morpbologiscb 70 % J^^cutropbile und 30 % Lympbo- 
bistioz^den auf, wobei Yakuolisierung und toxisebe Granulation der 
Xeutropbilcn (wie im Blutbild) und die Betciligung der grossen, gelappt- 
kernigen Zellen an der ly.-bist. Eeaktion auffiel. 

In dicsem Fnlle bestaud eine Tuberkulinanergie (Mantoux 
ansgewertet negativ) und aucb der Idiniscbe Verlauf war aner- 
giscli. Die Kantliaridenreaktion blieb aber nicbt aus, im Gegen- 
tcil, wir erhiclten cine ziemlich grosse Blase rait 0.9 com triib- 
scrosem Inhalt, der einen Ehveissgebalt von G.7 % mit einem 
Albumin/Globulinvcrhultnis von 45/55 aufwies, wiibrend im 
Blutscrum 7.85 % Eiwoiss mit einem Albumin/Globulinverbalt- 
ni.s von 10/90 fcststellbar war. Der Befund ist mit der grosseren 
Pcrmcabilitiit der Gefa.sse fiir die feindispersen Albuniine zu er- 
kUiren, so dass cs im Reizcxsudat znr Anreicberung der Albumine 
kam. Das morpbologiscbe Bild mit 30 % Lympbobistiozyten 
.sollte cher fiir eine giinstige Prognose spreeben, der Ki'ankbeits- 
verlanf war aber unaufhalt.sam progredient imd der Tod trat 
5*/; ■\Voclicn nacli dem Eintritt in die Heilstatte ein. Die relativ 
haufigen Versager sebriinken die diagnostiseb-prognostisebe 
Bedeutung der IvBE erbeblicb ein und sio ist aucb fiir die Praxis 
tpcbniscb zu zeitraubend. Die Bedeutung der Metbode sebeint 
uns auf einem andcren Gcbiet zu liegen; sie ermoglicbt morpbo- 
logiscbc Einblicke in die Eeagibilitat des erAveiterten EES, die 
uns bi.s jetzt in vivo nocb vesagt waren. 


4. EiwoisschomiBCho Untersuchungen. 

Die eiweissebemiseben Untersuchungen sind fiir uns zunaebst 
aucb mit Eiicksiebt auf die Entstebung der Eiweisskorper im 
EES (Sabin, lleinlcin, Eobr, Wubrmann, Leitner) von Interesse. 
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6. Aadere Untersucbungen. 

A. Kongorotversiiche. Da die LymplioMstiozyten vom. EES ab- 
stammen, lagen Untersucliungen iiber die Veranderungen dex 
Kantliaridenblase im almten Speicherungsversucb nabe. Die 
Frage, ob das EES im Speicberungsversucb gebemmt oder ge- 
reizt wird, kann im akuten Versucb im Sinne der Eeizung beant- 
wortet werden. Nacb Letterer ist eine vollige Blockade des EES 
sogar durcb langfristige Zufubr von Sckwermetallen (kolloidales 
Kupfer) nicbt zu erreicben, weil immer neue EES-Zellen produ- 
ziert werden. In eigenen Tierversucben (Leitner 4) mit Goldver- 
bindiingen konnte ebenfalls eine Steigerung der Funktion des EES 
beobacbtet werden. Zux kliniscben Eriifung sind verscbiedene 
Metboden mittels Injektion kolloidaler Stoffe angegeben wofden. 
Sie bernben darauf, dass kolloidale Stoffe, welcbe in die Blutbabn 
injiziert werden, im EES abgefangen werden; da ja die Blutge- 
fasse normalerweise nur fiir ecbtgeloste Substanzen, nicbt aber 
fiir Kolloide duTcbgiingig sind, verweilen die grobdispersen Stoffe 
im Blut, bevor sie im EES abgelagert werden. Wir baben uns der 
Kongorotmetbode von Adler und Eeinmann bedient, deren 
Braucbbarkeit bei Tuberkulose von Alfoldy und Bernatb, Wede- 
kind, Trautwein n. a. bestatigt wurde. Wedekind benutzte sie 
znr Unterscbeidung zwiscben exsudativer nnd produktiver Tbc, 
indem er annabm, dass das EES bei produktiver Tbc leistungs- 
fabiger ist und das Kongorot aus dem Blute rascber eliminiert 
wird, als bei exsudativer Tbc. 

Wir wablten die Kongorotmetbode, weil sie einfacb imd un- 
scbadlicb ist, werden dock intravenose Kongorotinjektionen zur 
Bebandlung der tbc. Hamoptoe empfoblen, weil sie im EES die 
Abscbeidung grobdispersef Eiweisskorper, namentlicb des Fibri- 
nogens anregen sollen. Wir baben nacb der iiblicben XJntersucbung 
des Blaseninbaltes im Vorversucb, 10 ccm 1 %-ige Kongofotlosung 
intravenos injiziert. Dann baben wir ein neues Kantbariden- 
pflaster aufgelegt und den Blaseninbalt nacb 22 Stunden erneut 
untersucbt. Bei 11 derart untersucbten Kranken fanden wir keine 
verwertbaren Eesultate, die positiven und negativen Scbwan- 
kungen glicben sicb aus, so dass wir auf eine tabellariscbe Wieder- 
gabe der Befunde verzicbten. 

B. Bellafolinversuclie. Dm eine eventuelle Abbiingigkeit der 
KBE vom vegetativen Nervensystem zu priifen, baben wir nacb 
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die Veriinderungeu nach Tubeifciliii waren geriugfugig. Immerliin 
nalim der Eiweissgelialt in 10 von li Fallen zn, in je 2 Fallen blieb 
er gleicb bzw. er wurde niedriger. Das Albuniin/Globiilinverbalt- 
nis iinderte sicli bei 9 Kranlcen zugunsten der Albumine und bei 
•1 Kranlcen zugunsten der Globuline. Die Zunabme des Gesamt- 
eiweissgehaltos spricbt dafiir, dass es infolge der AUergisierung 
zn einer erbohten DurcbUissigkeit der Gefasse fiir Eiweisskorper 
gekoinincn ist. Die Znnahinc der Albumine ist ebenfalls verstand- 
licb, veil die Gefasse zuersfc fiir die feindispersen Eiweisskorper 
durcbliissig werden. Die Globulinzunabme war bei 4 Scliwer- 
kranken feststellbar, bei 3 mifc kavernoser Lungenfcbc und in 
eineni Falle von doppelseitiger exsudativer Pleuritis. Es ist 
wabrscbeinlicli, dass bei Scliwerkranken die Permeabilitiit der 
Gefiisse soweit alteriert sein kann, dass sie dann aucb die grob- 
dispersen Globuline durcblassen. Zusammengefasst ergibt sicb, 
dass naeli Tuberlculinisieruug eine Vermehrung der Gesamtzell- 
zahl und der Keutropbilen, in geringerem Grade aucK der Lympbo- 
histioz 3 ’’ten eintrat, ferner eine Vermehrung der Gesamteiweiss- 
gehaltes, luiufigor zugunsten der Albumine, seltener, namentlich 
bei Scliwerkranken, auf Kosten der Globuline. Die Mala'ophagen- 
reaktiem, die sonst bei allergischen Zustiinden beobachtet ivurde 
{Kallds u. a.), war also in dor Kantharidenblasc nur geringfugig, 
dock antorsclioidct sick letzterc von reinen, akut allergischen 
Gewebsreaktionen. 

Die Eiweissbefuude in der Kantharidenblasc erkliiren viel- 
leieht, weshalb in bestimmten Fallen eine exsudative Pleuritis 
zu fibrinreicher Exsudation mit starker Schwartenbildung fiihrt. 
Bei schweren, entzundlichen Tuberkulosen koiumt es bei einer 
bestimmten Allergielage zu einer vermehrten Permeabilitiit der 
Gefasse und zu Ubertritt von grobdispersen Eiweisskorpern (Glo- 
buline, Fibrinogen) ins Exsudat (die Yerhaltnisse im Pleura- und 
Kantharidenblasenexsudat sind einander ahnlich). Praktisch 
noch wichtiger ist die Frage, ob es mittels der KBB moglich ware, 
die Eigenschaft eines Exsudates im intra- und estrapleuralen 
Pneumothorax vor der Einleitung der Behandlung zu bestim- 
menl Es ist bekannt, dass eine stark fibrinose )>plastische)> Exsu- 
dation zu vorzeitiger Verschwartung des Pnx fiihrt, welche die 
■\Virkang der Kollapstherapie vereitelt. Da die Beurteilung des 
Fibringehaltes der KBR einfach ist, batten wir in ihr einen ein- 
fachen Test, die vor dem Eingriff (namentlich bei extrapleu- 
ralem Pnx) angestellt, wertvolle Hinweise geben konnte. 
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hitroduction. Already in the earlier decades of this century 
great attention by various authors was directed to the protein 
content of the serum of pregnant women. A diminished level 
seemed to be connected with the hydremia and the tendency to 
edemaformation in pregnancy. 

However, the methods employed for the determination of the 
protein are known to yield not invariably reliable results. 

Later the different protein fractions were studied by various 
authors. Generally they agreed that the decrease of protein was 
caused by a lowering of the albumin fraction. 

Plass and Matthew (1) reviewed the literature up to 1926, and 
made an important contribution. Using the colorimetric method 
of Wu, they analysed 314: plasmas of non-pregnant, pregnant, 
parturient and puerperal women. They concluded that the serum- 
albumin is diminished to such an extent that the fall in the total 
protein may be attributed to the reduction in the concentration 
of this fraction. In the last lunar month an average of 4.07 % 
albumin was noted. 

Recently Rinehart (2), using the colorimetric biuret method 
of Robinson and Hogden, published the results of 251 deter- 
minations of 79 normal pregnant women and 39 determinations 
on 5 pre-ec lamptic women, 

Frans van Mierisstr. 41, Amsterdam. 
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Table I. 



Serum Protein, Content in Normal Pregnancy with Sufficient and 
Insufficient Protein Supply, in Toxemic Pregnancy and in Eclampsia. 


In normal pregnancy lie found a decrease in tlie albumin con- 
tent from 4,7 to 4.0 % in tbe eiglrtl. and ninth, months. Ac- 
cording to Strausz (3), whose important work drew much atten- 
tion, the hypalbnminemia of pregnancy is due wholly, or partly, 
to an insufficient intake of protein. This hypalbnminemia was 
more pronounced in toxemia, and most in eclampsia. Strausz 
found for normal pregnant women with an average, and those 
with a poor, protein diet, for patients with toxemia and eclampsia 
respectively, a mean albumin value of 3.7, 3.5, 3.1 and 2.6 %. Also 
Dodge and Drost (4) noted a certain correlation between protein 
intake and the albumin-level of the serum in pregnant women. 

We ourselves have failed to find any significant difference be- 
tween the albumin content of the serum in women with a normal 
and a low protein diet. In 24 women with a daily protein supply 
of 60 — 100 g, we found an average albumin content of 3.97 %, 
in 36 women with insufficient protein-intake 3.94 %, in 31 women 
with non-convuisive toxemia 3.58 %, and in 33 eclampticae 
3.61 %. (Table I.) Several women with eclampsia showed an 
entirely normal level of total protein and albumin. In this regard 
our results do not agree with the statements of Strausz. 
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The GloT[)ulin-leTel in Pregnancy. ; ‘ 'V 

Undoubtedly tbe most marked changes of the serum protein 
concern the albumin fraction. Less attention was paid, to the 
globuUn content, though Eufinger (5), working with the refracto- 
metric method, as early as 1928, noted a tendency to rise. . 

Plass and Matthew found a slight relative increase, although 
the absolute values remained practically normal. They noted a . 
rise of globulin on the third day of puerperium, which they thought 
associated with the onset of milksecretion. They noted a great, 
individual variation and often foimd values above 3 %. The ' 
range and average in normal non-pregnant women (2.32 — 3.07 %, . 
average 2.69 %), however, is higher than reported by other- 
authors. Rinehart, who found in normal non-pregnant women a 
globulin content of 1.99 % (1.5 — 2.4 %), obtained for the preg- 
nant women an average value of 2.3 %. This mean value remained . 
almost constant, in the different stages of pregnancy though it 
was at all times slightly higher than that for the non-pfegnant 
state. His table shows that in the last 4 months of pregnancy, 
values of 3 % and higher were found. Only one of the five cases 
with pre-eclampsia showed in two out of ten determinations a 
globulin-level above 3 %. • ' 

Dodge and Frost found for globulin in the first trimester of., 
pregnancy a mean value of 1.5 %, in the second trimester 2.11 %,’ 
and in the third trimester 1.99 %. For the patients with toxemia , 
they found a mean value of 2.07 %. 

They considered this slight rise in the globulin as a new ob- 
servation which should be verified. 

Strausz, in his study of 65 pregnant women, found no correla- 
tion whatsoever between diet, toxemia or eclampsia, and the 
level of globulin. According to the chart the mean level lay be- ; 
tween 2.3 and 2.4 %. ' 

Our own Investigations. 

Laboratory procedure: For the protein determinations we used 
the method of Howe — Torsten Teorell. This method had been 
shown to be reliable by various authors (Kruysveldt (6), ,de Yries 
(7)). In normal non-pregnant women we found for the.albuinin 
fraction values of 4.4 — 5.3 % (average 4.9 %), and for the glob- ; 
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Number 

Days 

before 

delivery 

Total 
protein 
g % 

Al- 
bumin 
g % 

Glo- 
bulin 
g % 

Clinical 

diagnosis 

BR 

Alb. 

°/l>0 

Remarks 

50- P 51 

? 

7.07 

4.02 

3.05 

N 




55-13943 

4 

6.33 

3.29 

3.01 

T 

145/105 

3 


57-13930 

17 

7.81 

4.28 

3.53 

T . 

185/120 



71-14073 

7 

6.39 

3.04 

3.o5 

T 

170/130 

3 


72-14074 

2 

6.21 

3.18 

3.00 

T 

180/110 

8 

pyelitis p. p. 

90-14184 

25 

6.87 

3.01 

3.26 

T 

165/125 

6 


94-14345 

29 

7.10 

3.91 

3.10 

E 




95-14246 

10 

6.98 

3.90 

3.08 

N 




112-14355 

22 

7.26 

4.11 

3.12 

T 

185/120 

Vd 


128-14460 

31 

7.72 

4.11 

3.58 

T 

185/125 

V" 


147-14573 

0 

7.19 

3.72 

3.47 

E (40 conv.) 

145/110 

12 


169-13952 

25 

8.22 . 

3.37 

4.85 

P 

110/80 



171-14685 

2 

7.21 

4.23 

3.01 

P-E 

200 /120 

trace 

Child t 

191-13296 

24 

7.1-1 

3.80 

13.31 

T 

153/90 

3 


193-14928 

3 

6.03 

3.30 

3.27 

P 




207-15304 

1 

8.57 

4.53 

4.04 

PE 

240 A70 

Vs 


246-13195 

14 

7.79 

4.01 

3.18 

T 

175/130 



252-15708 

137 

7..U 

4.30 

3.14 

H-T 

200/130 



272-12660 

14 

7.29 

4.20 

3.03 

T 

170/120 

Vi 


312-15930 

5 

6.G7 

3.57 

3.10 

P 

130/75 

Vs 


313-15933 

3 

6.88 

3.74 

3.14 

N 




325-15960 

0 

7.02 

3.37 

3.65 

PE 

190/100 

Pk 


350-16041 

55 

7.01 

3.05 

4.20 

P 

155/100 

Vs 


380-16151 

63 

7.77 

4.22 

3.55 

P 

120/90 

+ 


390- 9895 

6 

5.78 

2.00 

3.12 

T 

165/110 

3 


402-13525 

1 

7.55 

4.11 

3.11 

N 




410-16302 

1 

6.83 

3.80 

[3.03 

H 

255/165 


U+ 900 mg/L 

420-16299 

14 

6 20 

3.18 

3.02 

N (slight 

125/90 








pyelitis) 




425 -PV 

7 

8.58 

5.33 

3.25 

E 




429-16446 

2 

8.10 

4.83 

3.33 

N (append. 









ac.) 




438-16569 

34 

8.33 

4.03 

3.70 

E (super- 

220/140 

3 

died after 






poned on 



year 






chron. 









nephr.) 




461-15086 

7 

7.90 

3.95 

3.95 

N lues cong. 

120/85 



463- 9699 

1 

7.01 

4.29 

3.32 

T 

155/80 

trace 


466- 1972 

43 

7.‘17 

4.03 

3.44 

H 

200/120 

+ 


473-16782 

7 

7.52 

4.19 

3.03 

T 

165 A15 

Vi 


475-15415 

21 

8.13 

4.90 

3.23 

H 

160/120 

trace 

prey, preen. 

477-16795 

2 

7.21 

4.13 

3.11 

T 

150/95 

6 

E 

480-10213 

3 

7.10 

4.38 

3.08 

T 

155/105 

trace 


485-16814 

169 

7.82 

4.03 

3.19 

Haematuria e 









causa ignota 




488-16827 

19 

7.07 

3.94 

3.13 

H-PE 

240/150 

3 


500-16992 

36 

7.00 

3.80 

3.20 

E 




504-16983 


6.93 

3.82 

3.11 

E 

140/100 

IVs 


508-16779 

73 

6.82 

3.61 

3.21 

Nephr. chron. 

190/135 

+ 


510-12783 

1 

•8.50 

4.52 

4.04 

E 



died undeliv- 

537-17679 

1 

7.27 

4.14 

3.12 

T 

160/120 

9 

ered 

540-14080 

32 

5.98 

2.62 

3.36 

T 

135/95 

+ 



N normal pregnancy 
T toxicosis 
E eclampsia 


P pyelitis gravidarum 
PE prae-eclampsia 
H (prae-exsistent) hypertension 
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Table UI. 

15 Cases of Hyper globulinemia in the Puerperium. 


Number 

Days 

before 

delivery 

Total 
protein 
g % 

Al- 
bumin 
g % 

Glo- 
bulin 
g % 

Clinical 

diagnosis 

ER 

Alb. 

0/ 

loo 

Remarks 

239-15643 

1 

6.88 

3.05 

3.23 

H 

160/100 

trace 

prev. preen.E 

264-15714 

1 

6.77 

3.02 

3.15 

E lues latens 

180/120 

28 

WR - 

289-15725 

46 

7.58 

4.48 

3.10 

T 

190/150 

9 


304-15872 

9 

7.09 

3.70 

3.39 

E (interour.) 

220/100 

3% 


309- 1624 

9 

8.04 

4.56 

3.48 

T 

180/130 

+ 


337-14766 

9 

6.77 

3.08 

3.09 

T 

185/125 

Vs 

prev. preen.E 

385-15957 

9 

7.28 

4.28 

3.00 

P 

120/80 

trace 


392-15752 

2 

5.61 

2.51 

3.10 

Chron. nephr. 

190/130 

IVs 


444-16621 

1 

7.32 

4.17 

3.15 

T? 

150/105 

trace 


498- 2510 

9 

7.19 

4.10 

3.03 

T 

200/130 

1 

prev. preen. 

506-16629 

9 

7.50 

4.56 

3.00 

H 

170/100 

trace 

PE 

512-17099 

1 

7.09 

3.94 

3.15 

H 

190/115 

+ 


520-17156 

10 

7.59 

3.84 

3.75 

T 

180/100 

37= 


529-17293 

1 

6.61 

3.43 

3.18 

H-|-E(intero.) 

240/130 

6 V 2 


535-16484 


6.50 

3.30 

3.20 

Hydrops foet. 

110/75 




ulin 1.8 — 2.4 % (average 2.2 %). In tlie preliminary series of 
protein determinations, summarized in table I, our attention was 
drawn to the fact that a globulin content of 3 % or higher oc- 
curred twice in the 60 normal pregnant women, but 6 times in the 
31 cases of toxemia. Of the 33 cases of eclampsia four had a glob- 
ulin level of 3 % or higher. This preliminary research suggested 
a higher incidence of a high globulin level in toxemia. 

Once our attention had been called to the fact of the more fre- 
quent occurrence of hyperglobulinemia in toxemia than in normal 
pregnancy, we decided to search our records on this phenomenon. 
In calculating the averages, the extreme values disappear to a 
certain extent. Therefore it seemed desirable to see how many 
times a high globulin level was noted. 

There is no general opinion as to the upper limit of the normal 
globiilin content; some put this at 2.4, others at 3 %. (Bing (8)). 
When, in this paper, we speak of hyperglobulinemia, we mean a 
globulin level of at least 3 %. 

Incidence: From 1941 till 1944 (when war conditions necessi- 
tated a cessation in our investigations) 491 protein determinations 
were made in 295 women before or after dehvery. More than two- 
thirds of these women suffered from some toxemia or other 
complication of pregnancy. Most, but not all of the women who 
were examined after delivery, had also been examined earlier 
during pregnancy. In 46 cases hyperglobulinemia was noted 
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HLBUMIN CONTENT 


in^6chse.S6» HY PLRGLOBWLINEMIR during PRtoNRN&y 

BND 15 CB5Ea AFTER DEt-IVERV 


Nun&tn. Q cnsc& KttoitL ollivcrv 



Chart 1. The albumin content (in ®/oo) in the cases of hyperglobnlinemia. 


during pregnancy, in 15 cases during the puerperium, therefore 
61, i. e. 20.8 % of the 295 women examined showed an undeniable 
hyperglobulinemia at some time of pregnancy or puerperium. Of 
the 46 pregnant women with hyperglobulinemia 10 had a globulin 
content of the serum of 3.5 % or higher; of the 15 puerperae 1 
(see table II and III). 

Relation to albxcinin. As the rise of the globulin might be a 
compensatory jnechanism for the hypalbuminemia, a considera- 
tion of the albumin values is indicated. As, accordmg to our ex- 
perience, during pregnances the normal value for albumin is 
3.95 %, a glance at chart I shows that the albumin level lies al- 
most as many times above this level as beneath it. Therefore the 
hyperglobulinemia cannot be considered simply as a compensatory 
effect. 

Course. It seems interesting to know what happens in these 
cases after delivery. As a rule, when determined repeatedly, the 
globulin content shows marked variations in the pregnant women. 
Of the 61 women 27 were examined twice or more oftener in the 
first weeks after delivery. Twelve times the globulin content fell 
beneath 3 %, 15 times it remained above 3 % (4 times at 3.5 % 
or higher). 

The women who showed a hyperglobulinemia at the last ex- 
amination after delivery, were summoned in 1947 (3 — 5 years 
later) for a follow-up examination; 12 women could be examined 
(table V). 
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Chart. 2. Serum protein determinations in 4 cases with hyperglohnlinemia 
before and after delivery. 

Table IT. 

HypergJohulinemia OS ?&) and Pregnancy. 

491 determinations on 295 women (more ns -j, stiffercd from toxemia) 

I n. before delivery 46 cases (10 with S.-t % or more) 
b. after » 15 » ( 1 » 3,5 % » » ) 

Total 61 cases (20.8 % of 295 women). 

n of these 61 women 27 were examined twice or more times shortly after 
delivery. 

BesuU; fall beneath 3 %: 12 cases 

remaining above 3 %; 15 « 

( i> at 3.5 % or higher: 4 » ). 

in 12 women with hyperglobulinemia at the last examination after delivery 
were re-examined after 3 — 5 years. 

SesuU: 3 cases with persisting 

HyperglohuUncmia (3.33, 3.G5 % and 3.09 %). 

In tMs series three times hyperglobulinemia appeared to he 
persistent. Therefore in women with hyperglobulinemia of un- 
known origin, the possibility should be borne in mind that the 
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TaRlo Y. 

Control Examination after — -5 Years of 13 Cases with Eyperglob- 
ulinemia at the Last Examination after Delivenj. 


Number 

Days (years) 
a.j>. or 1 ). p. 

1G151 

... . 63 a. p. 

1 p. p. 

9 p. p. 

5 yctirs 

15%0 

0 a. p. 

2 p. p. 

9 p. p. 

62 p. p. 

5 years 

17682 

... 8 a. p. 

1 p. p. 

10 p. p. 

4 years 

10213 

... . 4 a. p. 

1 p. p. 

9 p. p. 

4 years 

16983 

. . . 2 a. p. 

1 p. p. 

9 p. p. 

4 j'cars 

15872 

2 a. p. 

1 p. p. 

9 p. p. 

58 p. p. 

5 years 

16629 

78 a. p. 

1 p. p. 

9 p. p. 
127 p. p. 

4 3'cars 

15752 

. . . 190 a. p. 

2 a. p. 

2 p. p. 

9 p. p. 

5 years 

17293 

. . . 28 a. p. 

1 p. p. 

7 p. p. 

48 X). p. 
3’/" year 

15086 

7 a. p. 

2 p. p. 

10 p. p. 

4 V 2 year 

16484 

. . . 23 a. p. 

1 p. p. 

8 p. p. 

S'/o years 

13952 

. . . 25 a. p. 

273 p. p. 

4‘/o years 


Tot. prot. 

Albumin 

Globulin 

g % 

g % 

g % 

7.77 

4.22 

3.55 

5.71 

2.99 

2.72 

7.8S 

4.40 

3.48 

7.11 

5.08 

2.03 

7.02 

3.37 

3.05 

5.72 

2.84 

2.88 

6.55 

3.40 

3.15 

8.13 

4.13 

4.00 

8.03 

4.70 

3.33 

7.52 

4.49 

3.03 

7.9-1 

4.18 

3.70 

7.21 

4.05 

3.19 

5.5S 

5.07 

2.51 

7.10 

4.38 

3 . 0 s 

6.02 

4 . 0 s 

2.84 

7.10 

4.20 

2.90 

7 . 7 c 

4.87 

2.80 

6.03 

3.82 

3.11 

0.25 

3.12 

2.13 

7.79 

4.15 

3.34 

7.13 

5.23 

1.90 

5.02 

2.99 

2.03 

4.71 

2.59 

2.15 

7.00 

3.70 

3.39 

8.3S 

3.89 

4.1 S 

7.75 

4.10 

3.05 

6.01 

4.21 

2.73 

6.02 

3.81 

2.81 

7.60 

4.50 

3.00 

9.10 

6.04 

3.15 

7.29 

5.12 

2.17 

6.17 

3.99 

2.18 

5.74 

3.04 

2.70 

5.01 

2.51 

3.10 

5.72 

2.00 

3.12 

6.19 

4.14 

2.35 

6.03 

3.93 

2.20 

6.01 

3.43 

3.18 

7.12 

7.02 

3.10 

8.15 

5.25 

3.20 

7.43 

5.04 

2.39 

7.90 

3.95 

3.95 

6.53 

3.48 

3.05 

7.07 

3.91 

3.10 

7.51 

5.10 

2.41 

5.84 

3.11 

2.73 

6.50 

3.30 

3.20 

8.25 

4.74 

3.51 

7.05 

4.82 

2.83 

8.17 

3.37 

4.80 

8.27 

4.61 

3.60 

7.S8 

4.79 

3.09 



376 


G. A. LINDEBOOM. 


high globulin level originates from a pre^^ous pregnancy. In one 
of these cases the globulin content rose from 2. Cl % ante par- 
turn to 3.39 % in the pucrpcrium; five year's later it was 3.C5 %. 
However, as long as in-otcin determinations before pregnancy are 
lacldng, there remains in these cases the possibilty of a pre- 
existing hyperglobulinemia of unlmown origin. 

Pyelitis of Pregnancy. 

In our records G cases of pyelitis of pregnancy showed a hyper- 
globulinemia (see table A^I). Some of these patients evinced a 
transient icterus or hyperbilirubinemia. The globulin content was 
sometimes very high. Hyperglobidincmia seems a fairly common 
symptom in the more severe cases of pyelitis of pregnancy. This 
hyperglobulinemia is not always j^ersistent. 

Table VI. 


0 Cases of Pi/cUiis of Prcpnanci/ wUh IJ’jperglohuUnemia. 


Kumbor 

T)nv« ! rrotcins (g 

OM 

/o) 

“• P- Total 

.•Mlniiiiin 

Globulin 

1G0-I39r)2 

25 : S.22 

.3..17 

J.Si) 

193-1492S 

3 i G.c:i 

3.30 

• 3.27 

312-15930 

5 G.OT 

.3. .'>7 

3.20 

350- icon 

.55 ; 7.91 

3.0.'; 

' 4.20 

3S0-1G151 

03 7.77 

‘J mm 

» 3.sr, 

-21SS9 

15 7.1.S 

3.sr, 

3.33 

Average 

1 7.10 

3.07 

3.73 


* AftenVnrcls normni globulin level. 


The Globulin Fractions. 

In 10 cases of hyperglobidincmia during pregnanej', or inicr- 
perium, a determination of the fractions of the globulin (eu- 
globulin, pseudo-globulin I and pseudo-globulin II) were carried 
out. We acccjited the normal standards, as worked out by Do 
Vries (7), who used the same method as ourselves. In the recent 
literature we found no determinations of the globulin fractions 
in pregnant women. In a small scries of 4 pregnant women with 
a normal globulin content we ascertained that our values agreed 
essentially with these of De Vries. (Table VI). (The , globulin 
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Table YII. 


The Fi actions of Globulin in -4 Pregnant Women with a Normal 

Globulin Content. 


Number 

Total 

Pro- 

tein 

5 % 

Albu- 
min 
g % 

Globulin 

(by sub- (fractions 
traction) added) 
g % g % 

Pseudo- 
Globulin n 
g % 

. Pseudo- 
Globulin I 
g % 

Eu- 

Globulin 
g % 

76- 327 

6.G0 

3.03 

2.07 

2.79 

1.02 

1.12 

0.G5 

77- 89 

6.38 

4.00 

2.29 

2.38 

O.so 

1.15 

0.43 

86-14164 

5.70 

3.57 

2.13 

2.22 

0.74 

0.91 

0.57 

87- 609 

6.11 

4.01 

2.10 

2.18 

0.71 

1.08 

0.39 

Average. . 

6.20 

3.90 

2.30 

2.39 

0.82 

1.07 

0.51 

Normal 








range . , 



(l.Cl-2.51) (1.70-2.C3) 

(0.31-0.G5) 

(0.95-1.52) 

(0.21-0.58) 


licmarl:. For the globulin two values are given; the first is found by the sub- 
traction of the albumin N and the rest N from the total N, and then multiplying 
by 6.3. The second value is obtained by addition of the different fractions, for 
which the multiplication factors, according to a slightly different FT content, 
deviate a little from 6.3. 


Table Till. 


The Fractions of Globulin in 10 Sera (7 Pregnant Women, S Puer- 
pcrac) with a High Globulin Content. (Sec Bemarks at Table VII.) 


Number 

.Total 

Pro- 

tein 

rr 0/ 

g /O 

Albu- 
min 
g % 

Globulin 

by sub- fractions 
traction added 

g % g % 

Pseudo- 
globulin II 
g % 

Pseudo- 
globulin I 
g % 

Eu- 

globulin 
g % 

1 

1 98-14184 

O.Gl 

3.21 

3.43 

3.50 

0.77 

1.37 

1.42 

1 106-P457 

7.10 

3.GG 

3.44 

3.51 

O.CG 

1.12 

1.73 

1 113-14355 

6.89 

3.94 

2.95 

3.07 

0.94 

1.30 

0.77 

■ 134-14460 

7.77 

4.11 

3.GG 

3.70 

0.88 

1.53 

1.35 

! 154-13930' 

7.90 

3.5G 

4.34 

4.50 

2. IS 

1.52 

0.91 

156-14573 

7.05 

4.03 

3.02 

3.13 

O.so 

1.05 

O.GS 

169-13952' 

8.27 

4.01 

3.00 

3.70 

0.S3 

1.82 

1.11 

172-14685' 

7.17 

4.17 

3.00 

3.08 

0.G8 

1.09 

0.71 

193-14928 

6.03 

3.3G 

3.27 

3.37 

0.71 

2.00 

O.GG 

540-14080 

5.98 

2.G2 

3.30 

3.50 

1.34 

1.00 

1.10 

Normal 








range . . . 


,1.04—2.51 1.70— 2.G3 

0.34-0.75 

0.95—1.52 

0.21—0.58 


^ Post partum. 


fractions were precipitated in Na^SOi concentration of 21.3, 17.4 
and 13.5 %.) 

Table VII shows that in the cases of hyperglobulineinia the 
high globulin level is due to an increase in different fractions. The 
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eu-globulin content was always liiglier, the pseudo-globulin II 
content was 4 times slightly, and twice markedly, increased, and 
the pseudo-globulin I showed 4 times a njoderate to marked rise. 


Conclusions. 

1. In the last trimester of normal pregnancy there is a definite 
tendency to a rise of the globulin level of the serum; in some cases 
a hyperglobulinemia is found (3 % and higher). 

2. In cases of non-convulsive toxemia the percentage of hyper- 
globulinemia is much higher (about 20 %). 

3. In a series of 33 cases of eclampsia four times hyperglobu- 
linemia was noted. 

4. In 10 cases of hyperglobulinemia in pregnancy or puerperium 
a determination of the eu-globulin, pseudo -globulin I and pseudo- 
globulin II was carried out; there was in every case a rise of the 
eu-globulin level. 

5. In a series of GO cases (not further analysed here (9)) the 
protein fractions of the serum were determined near the time of 
delivery and twice or more in the puerperium; we got the impres- 
sion that shortly before delivery hj^rerglobulinemia is more fre- 
quent than in the earlier weeks of the third trimester; in several 
cases hyperglobulinemia occurred for the first time after delivery. 

In the cases of hyperglobulinemia before delivery often a fall 
was noted on the second day after delivery. 

6. In pyelitis of pregnancy hyperglobulinemia is often found. 

7. Twelve women with a hyperglobulinemia, present at the 
last examination (2- — 3 months) after delivery, were re-examined 
3 — ^6 years later; in 3 cases the h}q)erglobulinemia apparently 
persisted. 

8. These results seem to suggest a disturbance in the protein 
metabolism during toxemia of pregnancy. 


Summary. 

In this paper the occurrence of hyperglobulinemia during the 
last trimester of pregnancy and in the puerperium is considered. 
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Pelger-Huet’s Anomaly of the Nuclei of 
the Leucocytes. 

By 

ERIC JONSSON, LISA BOSTROM and BIRGER BRINGEL. 
(Submitted for publication November 10, 1947.) 


In view of tlie fact of tlie first cases, as far as we know, in 
Scandinavia of Pelger’s familiar anomaly of tke lencoyctes (»false 
shift to the left») having been observed at Sodersjukhuset (the 
South Stockholm Hospital), some of them in the past year, 
publication in this journal would seem to be warranted. 

This anomaly received its name from the Dutch hematologist 
Pelger, who in 1928 gave an account of two cases with the char- 
acteristic blood picture described below. His countryman, the 
pediatrist Huet, determined the hereditary nature of the anomaly. 

Pelger-Huet’s anomaly would seem to be prevalent in various 
races and numerous cases (see survey in Nachtsheiin) have been 
described from Holland, Germany and Switzerland, where the 
matter has been given a special interest, particularly by Undritz 
in Switzerland. 

The heredity of Pelger-Huet’s anomaly is dominant and is not 
confined to sex. In two of the cases published by Stahel and 
Zundel, however, the customary heredity course could not be 
demonstrated (the same applies to our case No. 2). We shall 
return to this question. 

Only heterozygotes have so far been ascertained in human beings. 

The feature which strikes one above all in examination of blood 
from a Pelger individual (fig. 1 and 2) is the seemingly pronounced 
shift to the left. It is not unusual for figures of up to 50 % nn- 
segemnted leucocytes to be found. 
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Fig. 3. (Jlicro-pRoto 1,000 X.) Sternal puncture from case 1 (left) and case 3 
(right). AH stages of development up to segment nuclear arc represented. The 
nucleus has never more than 2 segments. 


XJndritz calls the ordinary Pelger cases »Voll-Trager» (full- 
carriers), that is, Pelger-Hiiet’s anomaly occurring in all the 
leucocytes of the person concerned. Kokubo’s »atypical Pelger- 
Huet’s anomaly)) also designated »semi-Pelger» — is charac- 
terised by rather stronger tendency to segmenting. TJndritz 
proposed that such cases should be called »Volltrager with mainly 
bisegmented neutrophile nuclei)). These cases also are bearers of 
Pelger gen. This, hoivever, is not the case with the cases designated 
»Teiltrager)> (partial carriers), in which both normal and Pelger 
leucocytes occur. Usually it is a question of partial carriers, 
occurring in Pelger families and having less than 1 % of Pelger 
leucoytes; in 1 case Undritz found an abundance of Pelger cells 
(»Poly-Teiltrager»). Leitner has described a special type of partial 
carriers. 

In the clinical respect Pelger-Huet’s anomaly is of comparatively 
great significance. According to Undritz, patients ivith Pelger- 
Huet’s anomaly, with the incorrectly interpreted blood picture 
as indication, have been treated for the presence of tuberculosis, 
in other cases they have been subjected to appendectomy. In 
other cases again prolonged and comprehensive examinations 
have been made unnecessarily, as in our case No. 1. 

Whether Pelger-Huet’s anomaly in itself has any clinical 
significance has been the subject of conflicting opinions. It has 
not been possible to demonstrate with certainty any functional 
inferiority in the Pelger cells. 

Many authors consider the heterozygotic Pelger persons quite 



i’i:r,GnR-Hui;T's anomaia* of thf nuclei of the leucocyte?, 


as lioaithy as por.sons ■with normal leucocyte nuclei, wliorca? 
others have thought they could .shovr a diminished re.'^istance to 
infections, including tuberculosis, and accumulated exhtmico of 
various other disease condition.s, such as allergic diseases (Leitner 
and Lecinven), hyperthyroidism (Peterson), psychic diseases 
(Lorenz) etc. 

Three of our cases were admitted to the hospital on account of 
infectious condition. 

Nachtsheim docs not consider that Pclger-IIuet’s anomaly 
may be regarded as a variety of no .significance, but thinks it is 
possible for it to have pathological significance. He supports 
his opinion on the extremely interesting experiments carried out 
by him on the initiative of Undritz. 

Undritz had demonstrated that Pelger-Huet’s anomaly also 
occurred in rabbits. (Pelgcr cells occur both normally and as 
anomalies in various animals (see Schmidt and Undritz, among 
others).) By pairing hetcrozygotic Pelgcr rabbits, Xachtsheim 
was siicccssfull in obtaining homozygotic rabbits (»super-Pelger('). 
The blood picture of these animals was particularly noteworthy. 
All the leucocyte nuclei were perfectly round and the nuclear struc- 
ture extremely coarse, so that the chromatin formed large 
clumps. Ths majority of the homozygotic Pclger rald)its died 
before birth and those that survied dis])layed dwarf gr(»wth and 
various grave malformations, in the extremities and other places. 

It would seem, therefore, as if the Pelgcr gen were not so 
liarmless from the x^oint of view of race Iiygicnc. For the human 
being, a more comxdicated organism than the rabbit, it lias 
Iierhaps a still more deleterious effect in double dose than with 
that animal (Undritz, Nachtsheim). In any event it should be of 
interest to investigate the leucocytes in human beings having 
extremity and other malformations such as agree with those in 
the homozygotic rabbits. 

According to Undritz these questions are of great importance 
for comparative hematology, in so far a? the observations made 
suggest that the leucocytes in mammals and other vertebrates as 
well as invertebrates arc of the same nature. 

At Sfkler.sjukhuset, Stockholm, the following 4 case.<’ of Pelger- 
Iluch 's anomaly of the nuclei of the leucocytes have been observed: 

* Wc wish to convey our thanks to tlic fcnior lihy.'ici.ans, Do-'^nt Ernst .^.ihl;;r< n 
.and Docent Ern.st 15. Sali'n, who .so kindly nltiWial ns to have at our dispo.al 
c.ascs 2 and 4 respectively, .as also to D.jccnt Nil- (J. Norchauion, ulio che-kr’I 
the .stcrn.al punctures of our c.ascs. 

-O ^S2}7i. Acin inrd, scnndiiinv. VoLCXAWl. 
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Case 1. T. L. Journal No. 1763/45. Diagnosis: Rlieiimatic fever? 
Pelger-Huet’s anomaly of the nuclei of the • leucocytes. 

25 years old assistant nurse, sent in for investigation of pains in 
the joints, subfebrility and rise in sedimentation rate. 

Heredity: Great-grandfather Finnish citizen, died at the age of 87. 
Grandfather, 82 years old, healthy in the main. Grandmother cripple 
following articular rheumatism (?). The mother has had tuberculosis 
of the lungs. 

Social-hygicnic circumstances: Two other children of same parents 
healthy. Nullipara. Menses, no remarks. Venerea denied. 

Previous illnesses: Erythema nodosum as a child and gland on the 
lung. Otherwise mainly healthy. 

Present illness: Throughout the spring of 1915 troubled by sore throat. 
Colpitis .symptoms in the period March — ^Slay. At the beginning of 
April trauma in left knee. Two to three weeks later ache in the knee 
and stiffness in the mornings. Palpation tenderness over the lateral 
tibia condyle and over the heads of the gastrocnemius. Objectively 
nothing definite. S. E,. 40 mm/h. Subsequently trouble as above with 
the knee and also with the left ankle. Nothing objective. Patient given 
sick leave owing to rising S. R., up to 107 mm/h. but while confined 
to bed had trouble also with right knee and anlcle, and Was therefore 
admitted to Sodersjukhuset. 

Status showed good general condition, few objective symptoms in the 
joints and nothing of interest in the internal organs. 

Blood: S. R. 83 mm/b. Increase of the globulins. Hb 79 %. Red 
blood cells 3.79 million. Index l.os. Anisocytosis and pol}'chromasia. 
White blood cells 5,700. 

Differential count: hletamyclocytcs 12 %, rod nuclear 32 %, segment 
nuclear 15 %, baso})hilc 0 %, eosinophile 3 %, lymphocytes 30 %, 
monocytes 8 %. (Fig. 1.) 

Sternal funclure: Specimen abundant in cells. In the myelopoicsis, 
shift to the left. Erythropoiesis no remark, hlegakaryocytcs numerous. 
Reticule strongly hj-pcrplastic with increase of plasma cells. 

Diagnosis: Chronic irritation. 

8/3; Still pronounced shift to the left and normal total number 
white blood cells. Such strong increase of plasma eells in the sternal 
puncture as to c.ause suspicion of myeloma. Cranium X-ray negative. 
From what could be judged it appeared that a serious disease condition 
Was present. The patient Was given sulfa and penicillin treatment. 
During time in hospital regress of the trouble and falling S. R. The 
whole time continuing shift to the left, the nature of which was un- 
certain until 25/9, when it was ascertained that Pclgcr-Huet’s anomaly 
of the nuclei of the leucocytes was present. 

25/9: Difj.: metamyelocytes 15 %, rod nuclear 39 %, segment nuclear 
11 %, eosinophile 5 '%, basophile 0 %, lymphocytes 25 %, monocjdes 
5 %, plasma cells 0 %. 

Nuclei of the neutrophilc cells small and coarsely pitted. Never 
more than two segments. 

On investigation of family (fig. 4), Pelgor-Huet’s anomaly could 




Case 5 



Fig. 4. Genealogical trees. Shaded circles = Pcigcr cases. Unshaded circles = 
normal cases investigated. Hatclicd circles = persons not investigated. 

It n'ns the father of case 1 who must have transmitted the Pelger anomaly 
from the paternal grandfather (see genealogical tree). In case 3 likewise the father 
Would seem to liavo transmitted the Pelger trait. — In case 4, ns in case 1, the 
Pelger anomaly is found in 3 generations. In this instance, liowever, it could also 
ho demonstrated in the intermediate generation. — It should bo observed that a 
man of family 1 is married to a woman of family 2. Both these have normal 
leucocytes; this obviously is also tho case with their children. 


be ascertained in tie paternal grandfather and a brother. Parents 
dead. 

Re-examination one year later: 

17/6 — 4.6: Diff.: Myelocytes 1 %, metamyelocytes 3 %, rod nuclear 
46 %, segment nuclear 11. i %, eosinophile 10 %, basophile 1 %, 
lymphocytes 24 %, monocytes 4 %, plasma cells 0 %. 

Sternal 'puncture (fig. 3): Culture abundant in cells. Myelopoiesis 
hyperplastic ‘w'ith most pronounced increase of small mature myelo- 

25t — i82174. Acta med. scandinav. Vol. GXXXI. 
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cytes and metamyelocytes and relatively small excentrically located 
nuclei and acidopMlous plasma. Nuclear construction coarse pitted, 
usually with a dark clump in the middle of the nucleus or at each 
end in lobed nucleus. Numerous rod nuclear leucocytes but extremely 
few segment nuclei. More than two segments not present. Increased 
number megakaryocytes and plasma cells. Erythropoeiesis no remark. 

Case 2. I. 0. Journal No. 2317/45. Diagnosis: Polyneuritis post 
diphtheria. Pelger-Huet’s anomaly of the nuclei of the leucocytes. 
Motorcar mechanic, 22 years old. 

Heredity: Nothing known of interest. 

Abusus and venerea denied. 

Previously mainly healthy. 1944 producer-gas poisoning suspected. 
Treated at the producer gas policlinic, Sababtsberg Hospital, Stockholm. 
In good health after one month’s rest. 

Present illness: Diphtheria middle July 1945. At the beginning of 
August early symptoms of polyneuritis, on account of which patient 
Was admitted to Sodersjukhuset. 

Status on 16/10 — 45: Polyneuritis symptoms; otherwise little of 
interest in status. 

Blood: S. E. 4 mm/h. Hb 87 %. Eed blood cells 4.54 mill. Index 
0.96. White blood cells 5,000. 

Diff. 16/10 — 45; Eod nuclear 24 %, segment nuclear 21 %, basophile 
0 %, eosinophile 3 %, lymphocytes 42 %, monocytes 10 %. 

Nuclei coarsely pillared, small. Two segments only. 

Diagnosis: Pelger-Huet’s anomaly of the nuclei of the leucocytes. 
Similar blood picture on re-examination 23/10 and 29/10 also on 12/11. 
Sternal puncture unfortunately not performed. 

The patient was discharged on 16/11 with nerve symptoms in re- 
gression. On re-examination 15/1 — 46 subjective healthy. Nerve status 
no remark. 

On investigation of family (fig. 4), the Pelger blood picture could 
not be found in parents or sisters and brothers. The patient has no 
children. 

Case 3. A. J. Journal No. 3206/46. Diagnosis: Eheumatic fever? 
Pelger-Huet’s anomaly of the nuclei of the leucocytes. 41 year old 
married woman, admitted during diagnosis; Hydrops gen. dx. et febris. 

Heredity: Parents for the most part healthy. No rheumatic diseases 
in the family. 

Soc. hyg. conditions: Nullipara. Menses no remark. Venerea denied. 
Present illness: Middle April 1946 influenza with temp. 39° 0. Sub- 
jectively healthy after 14 days. After having been up a couple of days, 
swelling in right knee and gradually also ache and pain on movement. 
Subfebriiity. Admitted 9/5 1946. 

Stains: General condition good. Heart; systol. murmur on apex. 
Eight knee; large exudate. Can bend knee only to 90°. Quadriceps- 
atrophy. 

, Blood: S. E. 32 mm/h. Hb 77 %. Eed blood cells 4 mill. Index 0.96. 
IVhite blood ceils 4,400. Antistreptolysine titer normal. 
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Di//. 10/5 — 46: Metamyelocytes 2 %, rod nuclear 23 %, segment 
nuclear 25 %, basophile 1 %, eosinopbile 5 %, lymphocytes 39 %, 
monocjdes 5 %. Nucleus construction pacbycliromatic, mature, 
nuclei rather small and never more than two segments. 

Diagnosis: Pelger-Huet’s anomaly of the nuclei of the leucocytes. 

Sternal 'puncture 17/5 — 16 (fig. 3). Culture moderatley abundant in 
cells. In the myclopoiesis, increase of mature (acidophilous) relatively 
small myelocytes and metamyelocytes with a central dark clump 
in the nucleus, which is geuerallj’’ coarsely pillared (mature). Numerous 
peanut and dumb-bell shaped leucocyte nuclei. More than 2 segments 
do not occur, hlegakaryocytes no remark. — Brythropoiesis no remark. 
Marrow picture typical for Pclger-Huet’s anomaly of the nuclei of 
the leucocytes. 

Patient discharged on 31/5 — 16, practically free of sjTuptoms. 
Diagnosis: rheumatic fever rather uncertain, gonorrheal arthritis ex- 
cluded. 

On investigation into family (fig. 4) a sister displayed signs of Pelger 
leucosj-tes. Mother healthy. Bather deceased. 

Case 4. H. S. Journal No. 8961/16. Diagnosis: Bronchial asthma. 
Pneumonia acuta. Pclger-Huet’s anomaly of the nuclei of the leucocytes. 

hlarried woman, 51 years, admitted for pneumonia. 

Heredity: Asthma 3 — 1 generations back on the mother’s side. 

Social and hygienic conditions: Il-para. Menopause 1910. Has 
run the home since 1911, after having worked 19 years in a gold- 
smith’s. 

Previous illness: 1910 pneumonia treated at home, sulfa preparation 
and digitalis being administered. Since that time troubled by increasing 
asthma. 1911 increasing symptoms of heart failure, owing to which 
she gave up work in 1941. 1944 pneumonia again. Treated with 
sulfa. Course no remarlc. Same year again admitted to St. Erik’s 
Hospital for hepatitis acuta. Differential count gave: rod nuclear 
45 %, segment nuclear 21 %. No remarks in the journal respecting 
anomaly of nuclei of the leucocytes. 30/12 — 16 acutely ill with signs 
of pneumonia. Sulfa administered at home but patient admitted to 
Sodersjukhuset 31/12 as she had grown worse. 

Status: Pronounced dy.spnoea, cyanosis of the face. Pulm: muffled 
and hard rattle in the right base and pleural rubbing sound. Fairly 
abundant ronchi and loose rattling. Heart: soft systolic murmur above 
the apex. 

Lung X-ray 31/12 — 46: Parenchyma infiltration the size of a fist of 
pneumonia appearance in the upjier dorsal part of the right lower lobe. 
Re-examination 16/1 — 17: The pneumonic congestion practically dis- 
appeared. No fresh changes. 1/2 — 47: No changes since 16/1 — 17. 

Blood: 1/1 — 17: S. R. 109 mm/h. Hb. 77 %. Red blood cells 3.92 
mill. Index O.oi. White blood cells 16,000. 

Diff. (fig. 2): Myelocytes 29 %, metamyelocytes 47 %, rod nuclear 
13 %, segment nuclear 3 %, eosinopbile 0 %, basophile 0 %, lympho- 
cytes 7 %, monocytes 1 %, plasma cells 0 %. 
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Strongly pronounced Pelger-Huet’s anomaly of the nuclei. Nuclei 
small and coarsely pillared, structure mature. Toxic granulation. 

Blood, status: 10/1: Hb. 68 %. Bed blood cells 3.6 mill. Index 0.94, 
White blood cells 25,000. 

Biff: Myelocytes (immature) 2 %, metamyelocytes 18 %, rod nuclear 
41 %, segment nuclear 24 %, eosinophile 2 %, basophile 0 %, lympho- 
cytes 10 %, monocytes 3 %, plasma cells 0 %. (All eosinophile leucocytes 
round nuclear.) 

Sternal ‘puncture 8/1 — 47: Culture rich in cells. Myelopoiesis shifted 
to right with strongly increased number mature myelocytes with 
acdophilous plasma aud small excentrically located coarse pitted 
nucleus. Few segmented leucocytes. More than 2 segments not present. 
— Megakaryoc}'tes no remark. Erythropoiesis no remark. — Picture 
typical of Pelger-Huet’s anomaly of the nuclei, ■ — Megakaryocytes no 
remark. Reticule hyperplastic. 

After the fever had subsided, blood status Was taken on 20/1 that 
showed quite another picture; Hb 64 %, red blood cells 3.5 mill. Index 
0.91 %. White blood cells 8,700. 

Diff,: Metamyelocytes 2,5 %, rod nuclear 45.6 %, segment nuclear 
18 %, eosinophile 2.5 %j basophile 0.6 %, lymphocytes 21.5 %, mono- 
cytes 8.5 %. The patient was afebrile on 16/1, S. R. had fallen to 64 
mmfh. She was discharged on 3/2 in good state. 

Re-examimiion of differential count on 20/5 — 47, or 4 months later, 
showed: myelocytes 4 %, metamyelocytes 19 %, rod nuclear 39 %, 
segment nuclear 5 %, eosinophile 3 %, basophile 0 %, lymphocytes 
26 %, monocytes 4 %, plasma cells 0 %. 

Investigation into family (fig. 4) showed existence of Pelger-Huet's 
anomaly of the nuclei of the leucocytes (see table) in two brothers, 
both childle.ss, and a daughter and her 2-year old child. The patient’s 
other daugther displayed normal leucocyte picture. 

Discussion . 

The most characteristic feature of Pelger-Huet’s anomaly of 
the nuclei of the leucocytes is the pronounced discrepancy be- 
tween the immature form and the over-mature structure of the 
nuclei. On differentiation solely according to nucleus form, the 
unsegmented leucocytes will he regarded as rod nuclear, metamy- 
elocytes or myelocytes. The nuclei axe noticeably short and broad 
(this, however, varies somewhat from case to case as may he 
seen from the micro-photographs) and they appear rather smaller 
than normal, so that the ratio between cytoplasma and nucleus 
is increased. 

Leucocytes with more than two segments practically never 
occur. As a srdtable name for the anomaly, we would suggest 
sfalse shift to the iefte. 
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Tlie short broad nucleus with a waist-bkc indentation (peanut- 
shape) is extremely characteristic and never occurs except in 
false shift to the left. Specific to the Pelger picture also is the 
dumb-bell shaped nucleus, consisting of two globular segments 
with a short connecting thread. 

The glass-eye shaped nucleus, also occurring in the anomaly, 
as is known, is to be seen also in normal blood — it is character- 
istic of the cosinophilc leucocytes — and therefore is not patho- 
gnomonic of the anomaly. This shape of nucleus has occasionally 
been encountered in relatives (77 persons examined) of our patients 
and therefore has not been reckoned as sign of the person in 
question being »partial carrier)) (bearer of both ordinary leucocytes 
and Pelger cells). Only leucocytes with dumb-bell or peanut-like 
nuclei have been taken as definite Pelger cells. As such leucocytes 
were not observed except in our full-carriers, it follows that we 
do not consider we can confirm statements in the literature 
that s>partial carriers)) might have been found in Pelger families. 

As stated, the mature structure of the nucleus constitutes a 
strong contrast to the immature shape. The Pelger cell appears 
prematurel}’’ mature wdth its dark, coarse pitted nucleus and 
abundant acidophilous plasma. Nucleoli do not appear to exist 
in such cells. Nevertheless, according to the literature, they 
should frequently be present in Pelger cells. "We have not been 
able to support tliis. Wo did, however, observe a dark chromatin 
clump in the centre part of the nucleus. This could not be nucleoli, 
as these of course arc lighter than the surrounding nuclear substance. 

The sternal puncture is characteristic. The more mature forms 
of myclopoiesis, myelocytes and metamyelocytes, are clearly 
increased. Here too the contrast between the immature form 
and the mature structure of the nucleus is strildng. Whereas 
normally the myelocyte nucleus is appreciably lighter than the 
more mature cell nuclei, it is here dark and coarse pitted. Con- 
centration of the chromatin to a dark clump in the centre of the 
nucleus is clearly apparent. The plasma also seems over-mature 
vith increased tendency to acidophilc. The nucleus is relatively 
small and often lies excentrically. Occasionally this feature is very 
pronounced. 

Once one is acquainted with the false shift to the left, it is 
very easy to recognise in ordinary routine examination. In cases 
of high degree of shift to the left that is difficult to explain, a 
check examination is called for to exclude the false shift. 
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Table 1. 


TaUa of Differential Blood Counts of 11 Cases of Pelger-Euet’s 
Anomaly of the Nuclei of the Leucocytes. 


Case 

Remarks 

Myelocytes 

Metamyelocytes 

itrop 

cocy 

U 

cS 

0? 

*0 

§ 

O 

Segment nuclear g S 
(2 segments) ® 

Eosinophile leuc. 

s 

Si 

© 

A 

o 

m 

cd 

PA 

Lymfooytes 

Monocytes 

05 

© 

O 

e3 

s 

03 

CJ 

S 

I T.L. 

26/7-45 


12 

32 

15 

3 


30 

8 


» D 

0/8 » 

_ 

11 

36 

11 

1 

__ 

33 

9 


J> » 

25/9 » 

__ 

15 

39 

11 

5 

— 

25 

5 


» }> 

17/6-46 

1 

3 

46 

11 

10 

1 

24 

4 


E.L. 

Brother to case I 

— 

1 

30 

33 

2 

2 

28 

3 

1 

A.L. 

Grandfather to 











case I 

— 

2 

32 

18 

1 

1 

38 

8 

— 

11 I.O. 


— 

— 

24 

21 

3 

— 

42 

10 


Ill M.J. 



2 

23 

25 

5 

I 

39 

5 


A.E. 

Sister to case III 

— 


26 

35 

3 

1 

26 

9 


IV H.S. 

1/1-47 

29 

47 

13 

3 

— 

— 

7 

1 


D » 

8/1 » 

2 

18 

41 

24 

2 


10 

3 


)> rt 

20/5 1) 

4 

19 

39 

6 

3 

— 

26 

4 


G.A. 

Brother to case IV 

18 

28 

25 

2 

1 

— 

18 

8 


A.A. 

» l> & )> 

2 

12 

25 

21 

2 

1 

32 

6 

— 

M.L. 

Daughter to case 











IV 

2 

5 

27 

2 

3 

1 

50 

8 

2 

Mona 

Granddaughter to 











case IV, 2 years 

— 

2 

32 

18 

““ 

— 

38 

10 

— 


Out case No. 4, strongly affected toxically wlien admitted, 
displayed during the acute phase a remarkable, almost grotesque 
blood picture. About one third of the leucocyte nuclei were 
round. At a later examination the changes due to the infection 
had disappeared, to be replaced by the customary Pelger 
picture. 

In his case, Stahel was able with Pyrifer to develop a similar 
blood picture with »ultra-shift to the left)), 

Eemarkable for our case No. 2 is that heredity investigation 
gave an entirely negative result. As has been stated, Stahel and 
Ziindel have published cases where the usual course, of heredity 
in Pelger-Huet’s anomaly could not be demonstrated: neither of 
the parents was »full-carrier», though a number of the offspring 
were. Nachtsheim considered it probable that in these cases it 
was a question of a mutative occurrence of the Pelger gen. 
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Untersuclnuig der Ivantliaridenblase im Vorversucli den Kran- 
ken 3 Tage lang taglich 3 x 15 Tropfen Bellafolin (Sandoz) 
gegeben, nacbdem sicb uns dieses Praparat in friilieren Ekg- 
Untersncliungen zur Diiinpfnng des Parasympatbikus bewabrt 
bat (Leitner und Steinlin). Da bei allergiscben Peaktionen der To- 
nus des Parasympatbikus erbobt ist, erschien uns diese Metbode 
in Hinblick anf die Auffassung der KBR als allergiscbe Eealrtion 
(Kauffinann) aussicbtsreicb. Nacb den 3 Bellafolintagen wurde 
erucut ein Pilaster aufgelegt \md der Blaseninbalt nacb 22 
Stunden untersucbt. Bei 7 derart nntersucliten Elfanken konnten 
aber keine verwertbarcn Eesultate erzielt vrerden, so dass eine 
Abbiingigkeit der KBR vom vcg. N. S. anf diesem Wege nicbt 
nacbgewicsen Averden konnte. 

Summary. 

A series of 221 patients was investigated morphologically and 
liiocbcmically by means of tbe cantbarides blister. Eosinopbilia 
in tbe blisters was found in 36 x>aticnts, most of whom also showed 
blood and marrow eosinopbilia. Parallelism between tbe number 
of eosinophils in tbe blood and in the cantbarides blisters could 
not be established. Eosinopbilia existed in tbe bbsters even Avben 
absent in tbe blood, and on tbe other band in one case eosinopbilia 
was absent in tbe blister though marked in tbe blood. It must 
therefore be assAimed that tissue eosinotaxis plays an important 
part in tbe production of eosinopbilia in cantbarides blisters. Of 
the 36 patients 2S also showed an increase of lympbobistiocytes. 
68 patients sboAved neutrophil polymorph leucocytosis, and in 
78 the Iympbobistioc}’tes Avere increased. 43 of tbe patients with 
disease processes belonging to Banke’s secondary stage sboAved 
lympbobistiocytic and 19 neutrophilic reactions. Among tbe 
patients Avitb tuberculous caAuties avc found 38 Avith neutrophilic 
and 20 Avitb lympbobistiocytic reaction. When tbe disease took 
a favourable course tbe reaction of tbe cantbarides blister was 
often characterised by an increase of lympbobistiocytes, but these 
changes AA’crc not sufficiently frequent. We must therefore disagree 
Avitb Kauffmann and conclude that tbe cantbarides blister reac- 
tion fails to giA'c guidance for diagnosis and prognosis in tuber- 
culous patients, even AA'ben used in serial examinations. 

Tbe time-consuming technique of tbe moridiological exa- 
minations precludes tbe popularization of the method of tbe 
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appear as if a Hgli degree of shift to the left were present. It 
has not been possible for us to demonstrate any increase of nucleoli. 

The sternal puncture displays a typical picture with increase 
of mature myelocytes and of metamyelocjdes etc. The contrast 
between the immature form of the nucleus and its mature struc- 
ture is also striking here. The plasma, too, appears over mature 
with a tendency towards the acidophilous. 

Of the 4 cases described, case 1 was admitted for investiga- 
tion owing to indefinite symptoms of the articulations and high 
sedimentation reaction, case 2 had post-diphtheric nerve symp- 
toms, case 3 had a monoarthritis of indeterminate genesis and 
case 4 had pneumonia. 

In the last-named case there was present during the acute 
phase an extreme shift to the left. About one third of the leucocyte 
nuclei were round. Later the customary Pelger picture appeared. 

Pelger-Huet’s anomaly of the nuclei of the leucocytes is in- 
herited dominant. Among the 77 relatives of our cases that 
were examined we discovered 7 cases. 

In the genuine Pelger cases (»fuli-carriers)>) all the leucocytes 
are of Pelger type. )>Partial carriers)) means cases having both 
normal leucocytes and Pelger leucocytes. Such cases might 
occur in Pelger families. Nevertheless, in the Pelger families 
investigated by us we found no »partial carriers)). 

It was possible in our cases 1, 3 and 4 to demonstrate the 
customary hereditary course, but not in case 2. This circumstance 
is discussed. 

The practical importance of Pelger-Huet’s anomaly of the nuclei 
of the leucocytes is pointed out, »Palse shift to the left)) is pro- 
posed as a suitable designation. 
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From the Medical Department of Hougesund Hospital, Honvny. 
(Chief physician: Gunnar Benestad.) 


Jtclorlicostosis. 

A Case willi Biopsy. 

Ily 

S\TSRRE AARSETH.' 

(Submitted for publication i\ovenibcr 17, 1947.) 


Melorlieostosis tvas described for tbc first time by tbe Yrcnclt* 
men. Leri and Joanny in 1922. The name is purely descriptive, 
and comes from the Greek \vord.s mclos, limb rheoa, flow 4- 
osleon, bone. A roentgenogram of a long bone affected with this 
lesion, presents a picture resembling a dripping candle — ftcn 
coulee dc bougie)). It is a very rare disease. So far, to tbc author’s 
knowledge, only a total of 35 cases have been publisbcd. Of these 
cases, one has been published by a Swede (Jungbngen, 1930), 
two by Norwegians (Storeu, 1936; Natvig, 193G), and one by a 
Dane (Bertclscn, 19*10). In such a rare condition, every case 
published may yield further details to our knowledge of the 
disease. 

At Haugesund Hosi)ital we recently got the opportunity to 
observe an additional case of melorlieostosis, tbc third one in 
Norway. 

The patient is a woman, aged *10, the wife of a fisherman (Beg. no. 
5742/40 — 47, B. G., b. May 5th, 1007). She was hospitalized in tbc 
Medical Department from May 19t.li till June 11th, and in the Surgical 
Department from June 11th till June 28th, 1917. 

There is no history of malformations or deformities in her family. 
At the age of about 25, she noticed that there was an inspissation of 
the bone on the outer side of her right forearm. She had no subjective 
symptoms from her disease until 3'/« years ago, when slie got period- 
ical, slight, but constant, irritating pains in the right forearm. She 
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Fig. 1. 


Fig. 2. 


also noticed that it became difficult to rotate the lower arm and the 
hand outwards (supination). In October 1944, the arm Was x-rayed 
by a private practitioner, but the nature of the disease was not recog- 
nized. Since then the symptoms have increased. The pains have never 
been intense, but strong enough to trouble her, especially on effort. 
She has also felt these pains on relaxing — sprickling and formication)) 
— in the arm and in the right part of the chest. The limitation of 
supination has troubled her. She has a feeling of the right arm being 
colder than the left; the right hand easily becomes cold, and the arm 
becomes fatigued easily. In the beginning of May, 1947, she again 
consulted a physician, and she was referred to the Boentgenological 
Department (dr. IC. Oppegaard) for examination. The roentgenological 
report runs as follows; 

In the right humerus there is a streak-formed cortical thickening 
extending from the anatomical neck of the humerus downwards to the 
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Fig. 3. 

distal tliird of the diaphysis, the width varying a little, averaging about 
1 cm. The zone is rather dense, and sharply circumscribed from the 
rest of the bone which lias a normal consistency and shows regular 
bone structure. In the head of the humerus a couple of pea-sized, rather 
dense and homogenous, but irregular patches are seen. 

In the proximal part of the radius (5 — 6 cm), several round and 
oval, pea-sized, or somewhat larger excrescences are seen, most of 
which arc dense without evidence of bone structure. A more diffuse 
area is seen in the proximal part of the bone. The medullary cavity is 
somewhat narrowed. Furthermore, a streak-formed, about cm 
wide, cortical thickening extends distally to the middle of the dia- 
physis. 

There is a cortical thickening of the middle part of the ulna. 

The changes resemble those described in melorhcostosis, but further 
roentgenological examinations of the skeleton ought to be carried out. 

R: Probabkj melorJieostosis. (K. 0.). 

The roentgenograms of the right upper extremity are presented in 
the figures 1 — 3. 
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Due to tlie roentgenological findings, indicating this rare disease, 
the patient was adniitted to the Medical Department for further 
observation. 

Physical examination, May 19th, 1947: The significant findings were 
located to the right upper extremity. The skin Was normal, and no 
swelling or atrophy could be seen. There were free movements in the 
joints of the shoulder, hand, and fingers. Flexion, extension, and 
prouation took place normally in the elbow joint, but supination from 
the neutral midposition w'as impossible. Along the proximal third of 
the radius, a somewhat nodular, but smooth, bony hard, slightly ten- 
der thickening Was felt. Similar findings in the proximal part of the 
humerus. There Was no muscle weakness. Measurements: Acromion- 
olecranon, 31 cm (31 cm). Acromion to the tip of the styloid process 
of the radius, 57 cm (56 cm). The circumference of the wrist, 16 cm 
(16 cm). The circumference of the forearm 10 cm below the tip of the 
olecranon, 23 cm (22 cm). The circumference of the middle of the arm, 
25.5 cm (21.5 cm). 

Measurement of the skin temperature on the upper extremity with 
electrical thermometer revealed no difference in symmetrical areas. 

Roentgenological examination of the skeleton did not reveal further 
abnormalities except for a spondylosis deformans incipiens. Roentgeno- 
logical examination of the lungs, stomach, and duodenum was negative. 

The roentgenograms of the right extremity were compared with 
those taken on October 4th, 1944 (dr. Rervik), 2'^jz years previously. 
The pathological changes were exactly the same, as well the appearance 
as the extent of the lesions. 

Laboratory data: Pirquet 15 — 40 mm/48 hours. M. K. R, — . The 
urine did not contain albumin, pus, blood, or sugar. S. R, 3 mm/1 hour. 
Hb. 87 per cent. Otherwise normal findings in the blood, including a 
differential count. Icterus index (Meulengracht) 5. Serum albumin 
(Bing) 6.2 per cent. Takata-Ara — . Blood cholesterol 127 mg%. Cal- 
cium 9.7 mg%. Phosphorus 3.4 mg%. Phosphatase 3.4 units. Bwald’s 
test meal: HCl/TA — 0/5. The benzidine reaction in the feces was nega- 
tive. The spinal fluid was normal. EKG: normal. B. M. R. 105 per cent. 
Glucose tolerance test: normal curve. Hormone titer (Nyegaard & Co. 
A/S Biologisk Laboratorium); Normal values for gonadotropic and 
estrogenic hormone, pregnandiol, and 17-keto-steroids. 

The patient was considerably troubled by the restricted supination. 
The Surgical Department (K. Stray, M. D.) was consulted, therefore, 
and here an operation after the fashion suggested by Ingebrigtsen in 
the treatment of restriction of the rotatory motion of the hand due to 
badly healed fractures of the radius. Was advised. 

Hence she was transferred to the Surgical Department, and on dime 
16th, 1947, resectio radii dext. Was performed (Stray). Corresponding 
to the outgrowth previously described, extraperiosteal resection of 
a 2.5 cm long piece of bone was made, this part with the outgrowth 
being considered as the direct cause of the limitation of the supination. 

The part removed consisted partly of a bony hard, irregular, periost- 
coated tumor, the surface of which in some places had a glassy appear- 
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aiice. A roentgenogram taken on a later occasion {fig. 4) sho'w'ed that 
the proximal part of the bed, made by removal of the tumor, was 4 cm 
below the elbow joint. 

The same day, after the operation, signs of lesion of the profund 
radial nerve, periferally to the .branch to m. extensor carpi radialis, 



Fig. 4. 


developed. An exploratory incision (Stray) Was made the next day, 
therefore. A nerve Was seen in the operational Would. The nerve Was 
2 mm thick, taut, swollen, and hyperemic, with a slight impression 
which probably had been caused by pressure during the operation. The 
continuity of the nerve was not broken. 

The wound healed per primam. After the discharge from the hospital 
she has received physical treatment, exercise and massage. The neuro- 
logic symptoms have been retrograding. 

On a control examination (Stray) on September 10th, 1947, there 
Was no limitation of the movements of the Wrist. Prom maximal pro- 
nation the hand could be supinated 135° (before the operation, 90°). 
Active movements of the four radial fingers were though still impaired. 

The piece removed from the radius was sent to the Pathologico- 
anatomical Laboratory of Dr. P. 6. Gade in Bergen for pathological 
examination, and the following report was received; The piece of bone 
has been decalcified. One portion of the specimen contains spongy bone 
with a rather fibrotio marrow. Otherwise the perparation consists of 
compact bone, the lamellae being arranged in concentric layers around 
a blood vessel (Haversian canal). Cartilage could not be found in the 
specimen. Diagnosis; Compact bone. (sign. Earl Bakkeu). 
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Comment. 

The diagnosis of melorheostosis is piirely roentgenological. The 
changes are so characteristic, that the condition cannot be mis- 
taken for any other disease if one is only acquainted with it. In 
the vast majority of the cases described, the changes have been 
limited to one extremity only, or as in some instances, to the 
corresponding extremity arch. But this is no absolute rule. Bury 
(1939) found melorheostotic changes in the pelvis and both lower 
extremities in a 35 year old woman. Muller- Alberti {1941) found 
the process disseminated in all four extremities and in the pelvis 
in a 8 year old girl. Clement and Combes-Hamelle (1943) found 
the typical changes in the left arm, peBds, and both legs in a 9 
year old girl. AVoytek (1933) diagnosed melorheostosis in a case 
where the changes were located to the lumbar vertebral column 
and to the fh'st and second rib. Our case follows the general rule, 
the tj’pical changes being located to one extremity only, the 
right, and here only in the long bones. In one case only (Ber- 
telsen) the condition has been located to an individual bone, 
(right tibia). 

The most important clinical symptoms in our patient are mod- 
erate pains in the extremity affected, j)aresthesias and fatigue in 
the limb, and limitation of movements. These are the usual symp- 
toms. Limitation of movements in one or several joints is found 
in 50 per cent of the cases (Bertelsen). As a rule, the first symptoms 
appear before the growth is finished. Dillehunt and Chuinard, 
stud}nng the literature, found that the symptoms set in after this 
period in 4 of 19 patients with melorheostosis. The clinical symp- 
toms are commonly most pronounced in children, although the 
most extensive roentgenological changes are found in adults. 

The etiology has been widely discussed. The incidence is equally 
divided between the two sexes. The disease is found in Trance, 
Italy, Germany, Poland, England, in the Scandinavian countries 
and in U. S. A. Kibby’s patient was a Jap. Thus, there is prob- 
ably no special race incidence. 

Bertelsen is the first investigator who has demonstrated that 
heredity may play a part. In the mother of his patient he found 
changes in the left radius which might resemble melorheostosis. 
Furthermore, the right radius was abnormally curved. (This was 
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also found in one of ISraft’s patients.) The brother of the patient 
had an abnormally curved right radius. As the disease is charac- 
terized by roentgenological changes only, and often do not give 
rise to clinical symptoms, it is evident that one will only occa- 
sionally get the opportunity to have the necessary examinations 
carried out in order to investigate the possibility of familiar oc- 
currence. The information voluntereed by the patient regarding 
heredity must be considered as worthless. 

Goldschlag (1929) assumed that the lesion was due to endo- 
crinous disturbances (thyroid? hypophysis?) but a defirdte hold 
for this does not exist. Our patient was especially examined tak- 
ing hormonal disturbances into consideration, but the results 
were all negative. 

Clement and Combes-Hamelle hold that melorheostosis and 
sclerodermia are different manifestations of one and the same 
fundamental disease. The two conditions coincided in their case. 
This has also been observed by other investigators (Gillespie and 
Siegling, Dillehunt and Chuinard, Muller- Alberti. Meisel and Gold- 
schlag found melorheostosis combined with Meige’s disease). In 
sclerodermia, hypercalcemia and tendency to calcareous deposits 
in the skin, subcutaneous tissue, and adjacent muscles (»hyper- 
calcistie))) is often found. In melorheostosis heterotopic formation 
of bone may occur (in 20 per cent of the cases — Bury). Disturb- 
ances in the calcium-phosphorus metabolism could not be de- 
monstrated either in our patient or in previous cases where this 
has been especially investigated (Moore and de Lorimief, Gillespie 
and )Siegling, Bertelsen). 

Muller-Alberti, too, has drawn attention to changes in the 
skin and in the soft tissue (contracture and contraction of ten- 
dons) which might be associated with melorheostosis, and holds 
that all the changes may be easily explained as due to a com- 
mon cause, such as an anomaly of the central nervous system. 
Putti suggests a combined neufovascular disease. A proof for 
these assumptions has not been established, nor has the theory 
of infection appeared to be of any real importance. 

Most investigators now evidently incline to the views postu- 
lated by Zimmer, that melorheostosis is a congenital, develop- 
mental defect in a primitive segment. This theory easily explains 
all the changes which may appear, and also the fact that most 
of the cases may be traced back to the years of youth or child- 
hood in spite of being stationary, or very slowly progressive. 
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Biopsy has previoiisly been performed in 5 cases (Putti; Zim- 
mer; Leri and Lievre; Leri, Loiseleur and Lima:e; Junghagen). 
Common for all these examinations is the finding of compact 
bone with Haversian systems. In Kibb 3 ’’’s patient, who had been 
operated twice, the operator found »ver}’' dense bone»>, but his- 
tological examination was not carried out. Some investigators 
have described a rarefying process besides that of the sclerotic 
one which characterizes the disease. Policard (in Putti’s case) 
.states that the sclerosis is secondary to the rarefaction. 

The histological picture is in our case quite identical with that 
in previous cases: compact bone with Haversian systems, and 
fibrotic bone marrow. Evidence of infection or mabgnancy has 
never been demonstrated. 

The treatment is purely symptomatic. Some of the patients will 
seek surgical assistance on account of deformities, contractures, 
or limitation of movements (Storen, Miiller-Albcrti, Kibby, the 
author’s ’case). Badiation and diathcriny have been employed to 
relieve the pains. 


Sumniary. 

The author cle.scribes a case of mclorlieostosis in a 40 year old 
woman who has been having subjective sjatiptoms of her disease 
for 3 Vs years: pains, paresthesias, and limitation of movements. 
Eoentgenologically, the disease has remained stationary for at 
least the last 2^2 years. No evidence of endocrinous disturbances, 
changes in the calcium-phosphorus metabolism, or circulatory 
disturbances could be found. Histological examination revealed 
compact bone with Haversian systems, and a fibrotic bone mar- 
row. 
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Centro do Investigaciones Tisiologicas, Buenos Aires. 


Yarial)ility of the Liiiig Yolnine Mcasiireinents 
ill Patients With Piiliiioiiary Tuberculosis. 

B.v 

HUGO GHIODI.' 

I Submitted for public-ition October 23. 1947.) 


Many papers have been about the changes of the lung 

volume in normal and pathological conditions and also on those 
inducotl by the surgical treatment of some pulmonary illnesses. 
Notwithstanding and as far as we are aware, not much attention 
has been paid to the variability of the lung volume measurements 
on the same subject, when the tests are repeated in the same and 
different days, without any outwardly change in the thorax or 
lung conditions. 

Bohr (3), Tobiesen (10), Christie (5), and others (1, 8, 9, 10) 
made several measurements of functional residual air or residual 
air in the same and different days, on a number of subjects. They 
averaged the results obtained in each individual and ascribed the 
mean variation found to errors of the method, without mentioning 
the possibility of ph 3 -siological changes of the lung volume. 

Coiu-mind et al. (4) in-esented the results obtained in 134 sub- 
jects with the open circuit method; 158 duplicates of functional 
residual air determinations were made in the same morning, with 
a 15 to 30 minutes interval. The variability of their method was: 
in 74 duplicate tests or 4G.8 per cent of the whole series, each 
determination deviated less than 2 % from the mean of the pair 
of values; in 109 duplicate tests this deviation was less than 3 % 

* Now working at the Institute do Biologia y SIcdicina Experimental, Costa 
Rica 4185, Buenos Aires. Formerly Guggenheim Research Follow in the Fatigue 
Laboratory at Harvard University. 

26 — i8217^t. Acta mcd. scandinav. Vol. CXXXI. 
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from tlie mean; in 139 duplicates the deviation was less than 5 % 
and in 156 of the 158 cases the deviation was less than 7 % from 
the mean value of the pair. 

Gr. Birath (2) made duplicate measurements of functional 
residual air on 14 normal and 8 pathological subjects using the 
hydrogen method. A calculation, according to Dahlberg, from the 
difference between the double determinations gave a S. D. for 
single determinations of i 89 ml, S. E. rt 19 ml- The author 
did not observe any differences between normal and pathological 
cases. 

According to Dahlberg <(if a large number of determinations by 
a certain method are made on one individual, the values obtained 
are often distributed as a probability curve around a mean close 
to the mean of the individual. If only two determinations are made 
on this individual and the difference between those determina- 
tions is calculated, we have taken at random two values from such 
a probability curve and calculated the diffei'ence between these 
two random values. When another double determination is made 
on another individual by the same method, we choose in the same 
manner two random values from another probability curve of the 
same kind as the previous one. Accordingly, by continuing our 
determinations in the same manner we always choose two random 
values from a number of probability curves which are all alike, 
As a matter of fact, we obtain a series of differences conforming 
to the series of differences which would be obtained by choosing 
at random and repeatedly two values from one and the same 
curve.)) 

Therefore, the statistical treatment of a series of differences 
between duplicate measurements of functional residual air made 
on different subjects will permit us to calculate the variability, 
i. e. the error of the method used, since it does not seem reasonable 
to expect any real change in the lung volume of a resting subject 
in a 20 minutes interval. 

On the other hand, if the differences from measurements re- 
peated on the same subject within a few days period would be 
only due to errors of the method, such differences should not be 
greater than those found for measurements repeated in the same 
day. The existence of a greater variability from day to day than 
between the same day determinations would thus implicate the 
existence of changes due to other factors than the method’s error, 
for instance variations of the reserve air, the residual air or both. 
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Substracting from tlie variability of measurements made in dif- 
ferent days the variability of tbe measurements made in tbe same 
day it would be possible to detect tlic existence of a real change 
in the residual air, that is, in the air remaining in the lungs after 
a forced expiration. 


Experimciitiil. 

Functional residual air measurements were done with a modi- 
fied Christie method already described in a X’revious paper by Izzo 
and Chiodi (7). Vital capacity, reserve air and complementary air 
were determined in a Benedict-Roth apparatus, the valves of 
which had been so adapted as to obtain the graphic tracing before 
CO; absorption. The procedure was as follows; with the spirometer 
filled with air and a small amount of oxygen the subject was con- 
nected with the closed circuit and a few normal breathings re- 
corded. At the end of a normal expiration he was asked to con- 
tinue the expiratory movement as much as possible. The meas- 
urements of the tracings from the end of a normal expiration to 
the maximal point of expiration gave the reserve air volume. 
Complementary air was measured from the end of a normal 
expiration to the point of maximal inspiration. For vital capacity 
determinations, the patient was directed to make at the end of a 
normal expiration a forced expiration followed by a maximal 
inspiration. The largest tracing of the three performed by the 
subject for each respiratory subdivision was considered as the 
real one. 

Patients previously trained in the technique, came to the labor- 
atory in the morning in fasting conditions and were allowed a 
half an hour rest before the experiment. 

"With the subject in recumbent position two functional residual 
air measurements were made in the morning with an interval of 
20 minutes between each, to be sure, that all the oxygen had been 
flushed out from the lungs. At the end of the second measurement, 
reserve air, complementary air and vital capacity were measured 
as detailed above. The same procedure was rex^eated 1 to 3 days 
later. 

For the sake of clearness we will call: Aj, any of the two measure- 
ments of functional residual air made in the first day and A, 
the average of both; Bi, any of the two second day measurements 
and B, their average; (A — B), the differences between averages 
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of first and second day determinations; (Ai— A) and (Bi — ^B) the 
differences Between any one of the two measurements of the same 
day and their correspondent average. 

Results were calculated in ml, at 37 degrees C., saturated with 
water vapor and barometric pressure of the day. 

On the whole, 297 duplicates of functional residual air measiue- 
ments have been made on 117 lung tuberculous patients, 74 
females and 43 males, without conspicuous emphysema and in a 
fair physical state. Some of them endured a thoracoplastie between 
two series of determinations. 

The average body surface was 1.G3 0.17 sq. meters, the 

height 1.61 ± 0.03 meters and the mean age 23 years with a range 
from 16 to 61. 

On 70 of the above mentioned patients, 63 females and 17 males, 
96 double pairs of functional residual air measurements and the 
correspondent reserve air, complementary air and vital capacity 
determinations have been made. 

The average values of the lung volume subdivisions were: 
functional residual air, 1,243 ml, S. D. ± 465; reserve air 308 ml, 
S. D. i 183; complementary air, 1,555 ml, S. D. i 552; vital 
capacity, 1,934 S. D. ± 596. 

Results. 

Results of the 96 double pair tests of functional residual .‘dr 
and their corresponding reserve air and residual air volumes are 
grouped in table 1, although the ungrouped data were used for 
calculating our results. No sexual differences could be observed. 

Differences between one of the two measurements of functional 
residual air or residual air made on the first day and the corres- 
ponding average (Ai — ^A), were calculated as percentages of such 
average. Similar figures for the second day differences, (Bi — 'B), 
were obtained. 

The differences between averages of the first and second day 
measurements on the same subject (A — ^B), were calculated as 
percentages of the mean of the two averages. 

Percentage differences grouped as detailed above are averaged 
in figure 1. It can be seen that the average of the differences be- 
tween different days measurements (A — ^B) of functional residual 
air or residual air are greater- than the averages of the differences 
between same day measurements (Ai — ^A) or (Bi — B). Statistical 
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Column I — Differences between one of the two mcnsurcnients of functional 
residual air made on the first day and the average of the pair^ 
e.vprcsscd ns iiercontagcs of that average. 

Column II — Same as above, for the second day mea.surcmcnts. 

Column III ~ Differences between nvernges of the first and second day measure- 
ments of functional residual nir, expressed ns iicrcentagcs of tho 
mean of such nvernges. 

Column IV — Differences between determinations of reserve nir made on the 
first nnd second day, cxpre.sscd ns percentages of tho mean vnluo 
of tho corre.sponding functional residual nir. 

Column V — Differences between residual nir values of the first nnd second 
dny tests expressed ns percentages of tho mean vnluo of tho cor- 
responding functional residual nir. 

For statistical analysis, ungrouped data have been used; results 
given in the text being slightly higher that if grouped data would 
have been used. 

trcatnient of the data as detailed in the following paragraph in- 
dicate that such differences arc significative. 
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p Figure 1. 

[J Average of the differences between first day measurements (Ai— A), 
Average of the differences between second day measurements (Bi— B). 



j Average of the differences between averages of first and second day measn- 
i remeut (A — B). 

I Residual air. 

11 Functional residual air. 


Statistical Treatment of the Data. 


a) For the calculation of the standard deviation, cr, the following 
formula was employed; 



where d — difference between averages of two double determinations 
or between the average of a double determination and any one of the 
pair. 

When the real mean did not coincide with the 0 point around which 
the differences in percentages should be normally distributed, i. e. 
when there was an excess of positive or negative values, the following 
formula was used; 


cr 



where b® represents the squared deviation of the mean from 0. 
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b) The standard deviation of a single experiment was calculated from 
pairs of determinations according to the following formula: 



where d ilie difference between the tv'o determinations of a pair. 

c) The standard error, £, of the standard deviatio]i was calculated 
from the formula: 


e (cr) = ± 


cr 

12 ^ 


d) The standard error of the mean was calculated according to the 
following formula: 


£ (M) = 



e) The standard error of the difference between standard deviations 
was calculated from the formula: 

e (Oi — oTj) = i Ve (<7i)- + £ {a.)- 

When differences between standard deviations exceed 3 times its 
standard error they are considered as statistically significant; differences 
exceeding 2..'i times their S. 15. as statistically very probable. 

f) According to Dahlberg if the total S. D. and the S. D. occasioned 
by one group of factors is known, the S. P. for the other group of 
factors can be found with the equation: 


Functional residual air: 

S. D., for (Ai — A) is ±-1.g, S. Ed ±0.3S; for (Bj — B) is ±3.c, 
S. E, ±0.20; for (A — B) is ±8.0, S. E. ±0.5S. Taking the first 
and second day values as a single scries, (Aj — A) ± (Bj — B), S. D. 
is ± 4.0, S. E." ±0.21, 

The difference between the S. D. of A and S. D. of B does not exceed 
2. 1 times its S. E,, therefore, it is not statistically significant. 

The difference between the S. D. of (A — B) and S. D. of (Aj — A)± 
± (B, — B) exceeds G.o times its S. E., and is tlien statistically signif- 
icant. 

The differences between two measurements of reserve air made on 
the same subject with 1 — 3 days interval were calculated as percentages 
of the correspondent average values of the functional residual air volum- 
es; the S. D. is ± 4.3, S. E. ±03i. 

Substracting, according to the formula indicated in f), from the 
S. D. of (A — B) the variability due to errors of the method, i. e. S. D. 
of (Aj — A) ± (Bi — B), a value of ± 7.2 ± 0.52 is obtained, in which 
should be included any possible A'^ariation of the reserve air. The dif- 
ference between the value ±7.2 and the S. D. ±4.3 of the reserve 


* Wien not otherwise indicated it means the S. E. of the S, D. 



410 


HUGO CHIODI. 


air differences, exceeds 4. 8 times its standard error being therefore 
statistically significant. 

Snbstracting from the value ±7.2 the S. D. of the reserve air dif- 
ferences, a final value of ± 5.8 per cent of the volume of the functional 
residual air is obatined. This variability can only be explained on ac- 
count of changes in the residual air volume. 

The frequency curve drawn with the differences in percentages 
between functional residual air measurements made on the subject 
with 1 — 3 days interval, (A — B), showed the values normally distrib- 
uted around the mean ±2.i (S. E. of this mean ± 0 . 82 ) instead of 
around the 0 point, that is, there Was an excess of positive values. The 
difference between the means being equal to 2.1, exceeds 2.6, its S. E., 
i. e. statistically very probable. 

Differences were considered positive when the first day measure- 
ment was the higher one. 

Considering the average value of a pair of measurements made in the 
same morning as a single determination the S. D. amounts to ± 5.4, 
S. E. ±0.4 per cent of the measured volume. 

Calculating the S. D. of the 96 double pairs of functional residual 
air measurements in absolute figures, that is, directly in ml, the follow- 
ing results are obtained; for differences between determinations made in 
the same day, (Ai — A) ± (Bj — B), o = ± 48 ml, S. E, ±2.4; for 
differences between measurements from different days, (A — ^B), 
ff = ± 107 ml, S. E. ± 7.4. The S. D. of the averages of pairs of tests 
from the same morning considered as single determinations, amount 
to ± 76 ml, S. E. ± 5 . 2 . 

The S. D. of the differences between the average and one of the two 
measurements of each of the 297 duplicates of fxmctional residual air 
is ± 3.6, S. E. 0.15. 

On the other hand, grouping that 297 duplicate tests as Cournand 
et. al. did, the following results are obtained; in 144 duplicates or 
48. 5 per cent of the total, each measurement deviated less than 2 per 
cent from the mean of the pair of values; 185 or 62.3 per cent deviated 
less than 3 per cent; 237 or 79.8 per cent devitated less than 5 per cent; 
276 cases or 93.2 per cent deviated less than 7 per cent and in 287 
cases or 96. 7 per cent of the whole serie deviated less than 10 per cent 
from the average value of the pair. 

Residual air. — ■ The residual air volumes were obtained substracting 
from each of the two functional residual ait measurements obtained in 
the morning, the correspondent single determination of reserve air. 

The statistical treatment of the differences between residual air 
measurements, calculated as percentages of the residual air volumes, 
gave the following results; the S. D. of the differences betrveen residual 
air measurements made in the same day, (Aj — A) ± (Bj — B), was 
± 6.1, S. E. ± 0.31; the S. D. of the differences between measurements 
made in different days, (A — B), was ± 13,4, S. E. ±0.9 7. The dif- 
ference between the two preceding S. D. exceeds 7.3 times its standard 
error, being therefore statistically significant. 

Substracting from the S. D. ± 13.4, of the differences from different 
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500 1000 1500 2000 2500 3000 

Functional residual air volumes in ml. 

Figure 2. 


On the abscissa; average volumes of the pairs of functional residual air measn- 
rements, in ml. 

On the ordinate: diflerences, in ml, between one of the two measurements of func- 
tional residual air made in the same day and the average of 
the pair. 

The circles connected by the full-drawn line represent the mean differences, 
calculated from the grouped data. 

day determinations tlie S. D., i 6.1 ,of tlie differences from same day 
determinations, a value of ±11.9 per cent of the residual air volume 
is obtained, ■which can be considered as the variability produced by 
changes in the residual air. 

The S. D. of the averages of pairs of tests from the same morning, 
considered as single determinations, is ± 6.9, S. E. ±0.5 per cent of 
the functional re.sidual air volume, or ± 9.i, S. E. ± 0.7, when calcu- 
lated in per cent of the residual air alone. 

Reserve air. — In the serie of 96 pairs of tests, the differences in 
ml between reserve air measurements made on the same subject with 
1 — 3 days of interval gave a S. D. of ± 50 ml, S. E. ± 3.5. Although 
there was an excess of values on the negative side of the distribution 
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curve, taken tke 0 point as tire mean, no statistical significance was 
found for tkat excess. Tke values vrere considered negative wken tke 
second day determinations Were tke kigker ones. 

Tke S. D. for single day determination amounted to ±34.7 ml, 
S. E. ± 2 , 5 , 

Vital capacity. — Measurements made under tke same conditions as 
tke reserve air gave a S. D. of ±110 ml, S. E. ± 7.8. Eor single day 
determinations tke S. D. keing ± 77.4 ml, S. E. ± 5.3. 

Although higher values of vital capacity rvere somewhat more fre- 
quent for the second day determinations than for the first ones, the 
differences Were not statistically significant. 

Complementary air. — S. D. of tke differences in ml between measure- 
ments of complementary air made under conditions as mentioned above 
amounted to ± 116 ml, S. E. ±11. For single day determinations 
S. D. = ± 81 ml, S. E. ± 5.4. No significant systematic differences 
between first and second day measurements were observed. 


Discussion. 

Studying tke variability of tke values of tke lung volume in 
tuberculous patients, tke absolute figures and tkeif means kave 
not been considered since tke latter would not allow a true appraise- 
ment of tke magnitude of measurements variations. 

On tke otker band, no statistical correlation kas been observed 
between tke functional residual air volumes of tke subjects and 
tke magnitude of tke differences of measurements made either 
in tke same or different days. On account of such lack of correla- 
tion it could seem unjustified to calculate tke differences between 
pairs of determinations as percentages of their average volume. 
However, looking at figure 2 it may be allowed to say that 
there is a very rough trend of tke means of differences to increase 
with tke greater volumes. In fact, using tke S. D. given in per- 
centages for tke calculation of tke variability of tke average of a 
pair of measurements of functional residual air, made in tke same 
day, we found that for low or middle volumes tke values obtained 
showed a better agreement with tke range indicated by tke graph- 
ic, than when tke S. D. of tke absolutes difference in ml was 
used. For big volumes, tke S. D. in percentages gives a too high 
variability. 

Assuming for instance an average volume of functional resid- 
ual air of 600 ml and another one of 1,400 ml, tke S. D. for meas- 
urements in tke same day being ± 4 per cent, tke maximal varia- 
tion would fall within 3 times tke value of tke S. D. or 12 per cent 
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of tile respective volumes, i. e. i 72 ml in the first case, i 168 
in the second one. If the correspondent S. D. of the absolute 
differences is used (± 48 ml) the maximal variation would be 
then 4; 144 ml for both cases, therefore evidentl}’’ too high for the 
lower volume, as can be seen in figure 2. For measurements 
made in different days somewhat similar results will be ob- 
tained. 

As most of the volumes of the functional residual air of our 
tuberculous patients fall within the above mentioned values we 
thought justified the calculation of the S. D. in percentages. 

For studying the changes of the residual air it may appear 
more logical to analyze directlj* their values instead of using those 
of the functional residual air, but as the residual air is calculated 
substracting from the functional residual air the reserve air and 
the former shows an excess of higher values in the first day 
measurements and the latter in the second day, the differences 
from day to day would be in some cases artificially magnified. 
This is made evident by the higher results obtained, when in 
the calculations residual air instead of functional residual air 
differences were used, even if the former were calculated as per- 
centages of the corresponding functional residual air volumes. 
Thus, to bo in the safest side, functional residual air values have 
been preferably considered. 

It was accepted that the variability found for the mean value 
of a pair of measurements of functional residual air, made on the 
same morning, was mainly due to errors of the method (poor 
mixture of the gases in the lung, uncertainty of the normal ex- 
piratory level at the start, miscalculation of the excreted nitrogen, 
etc.), since it is not likely to expect any real change in the lung 
volume of a resting subject, in a 20 — 30 minutes interval, except 
may be, in patients in whom the expelling of secretions could 
clear up a draining bronchiole of a pulmonary ca^dty or lobule. 

Also, there is no reason to expect that on the same subject 
the variations of measurements due to the above mentioned errors 
of the method would be greater from day to day than on the same 
day. However, as the nitrogen percentage of the lungs of a subject 
can undergo changes, mainly conditioned by the depth and rate 
of breathing and in the calculations of the functional residual 
air a constant nitrogen percentage at the start of the measurements 
is assumed, some differences may result from day to day; yet, 
these differences must be quite small, since a variation of one per 
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cent in the lung nitrogen will only mean a change of equal magni- 
tude in the measured volume. The thoracoplastie did not show 
any influence on the magnitude of the differences between different 
days tests. 

On the other hand, differences between measurements made on 
the same subject in consecutive days would be the sum of the 
variability produced by the error of the method plus that in- 
duced by a real change in the lung volume. 

The existence of such change is made evident when after sub- 
stracting from the total variability of the functional residual air 
volume that of the method, still remains a value, that in 2/3 of the 
eases does not exceed i 7.2 per cent of the volume measured. It 
can be assumed now, that the variations found from day to day 
in the reserve air of a subject arc real ones and not as Christie 
says, due to fortuitous changes in the expiratory muscular 
effort. In such case, the variations of the reserve air should be 
included in the S. D. or variability of ±7.2 mentioned above. 
For that reason the S. D. of the differences between measurements 
of the reserve air made on consecutive days has been substracted 
from the value ± 7.2, resirlting a S, D. of ± 5.4 per cent of the 
volume of the corresponding functional residual air. The varia- 
bility of the reserve air has been calculated in percentages of the 
functional residual air, since any change of the former will appear 
as a modification of the volume of the latter. 

On the other hand, if Christie’s point of view is accepted, we 
must admit the constancy of the reserve air, wdiich therefore would 
not induce any change in the volume of the functional residual 
air. The S. D, of ±7.2 would represent thus the variability of 
the remaining component of the functional residual air, i. e. of 
the residual air alone. 

In any case, it may be concluded from our results that at rest, 
the residual air, that is, the air that remains in the lungs after 
a forced expiration is not constant from day to day. The varia- 
tions would not exceed ±5.4 per cent of the corresponding 
volume of the functional residual air, in 2/3 of the cases. 

An opposite point of view has been sustained by Christie, who 
thought it probable, that the inconstancy of the reserve air was 
mainly responsible for the variations found in the residual air 
of the normal individuals, as measured by his method. He 
disregarded the possible differences of the residual air of a 
subject from one day to another, given that he made an aver- 
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Uadritz examined the blood from the parents in both these 
cases with the following results: In Stahel’s case both the parents 
proved to be ^partial carriero, the father of the usual type and 
the mother of the tj'pe described by Leitner where the leucocytes 
have coarse chromatin net and 3 — 5 round segments with thin 
linking threads. — • In Zundel’s case, the father at least was 
^partial carrier!^. 

Nevertlveless the hereditary conditions are not made clear by 
these finds, nor would Undritz suggest it. It should be strongly 
emphasised that !>partial carriers') are not considered as bearers 
of the Pelger gen. 

-Vs stated, none of the relatives of our Pelger cases were )>partial 
carriers), therefore including the parents of our case No. 2 — 
and this despite very careful examination of their blood. — • The 
patient had no children. 

Possibly in this case there may be question of a Pelger type 
tiiat is new as regards occurrence. Illegitimate paternity might, 
however, provide the explanation. This possibibty was considered 
to be excluded in Zundel’s case. 

Pelger-IIuet’s anomaly of the nuclei of the leucocytes, false 
.shift to the left, ha.s considerable theoretical interest, as has 
been seen. Undoubtedly, however, the practical importance is 
aho great. If the anomaly is diagnosed, Pelger individnals would 
llien of four.se be spared many complicated examinations and 
po-ssibiy also more or less risky or financially burdensome thera- 
peutic iuterventious. — Cousccpieutly the false shift to the left 
requires to be known to the greatest e.xtciit possible. 

• -\t Soder-sjulvlmset we have now had in the course of little more 
than a year -1 cases of false .shift to the left. Tliis indicates that 
thi.s anomaly is not so uncommon. If a watch is kept out for the 
characteristic fe;ituro of the blood picture, these cases will prob- 
ably be diagnosed to an ever greater e.xtent. 

Summary. 

Peiger-Huet’s anomaly of the nuclei of the leucocytes is char- 
.•icteri.sed by a noticeable contrast between tlie immature form 
of the leucocyte nuclei and their mature structure. The nucleus 
seems .sn)all in relation to the cytoplasraa. Dumb-bell or peanut 
shape in the.se is pathoguomoiiic, but not the glass-eye form. It 
is exceptional for more than 2 segments to be formed. It would 
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From the IVth Medical Service of St. Erik’s Hospital and the 
State Bacteriologic Laboratory, Stockholm. 


The Appearance of Acute Phase Protein After 
Induced Fever in M.an. 

By 

PER HEDLUND, A. RUNE FRISK and HARJE BUCHT. 
(Submitted for publication November 12, 1947.) 


The diagnostic value of the presence of acute phase protein 
in various diseased conditions has recently been pointed out by 
Lofstrom (1) and Hedlund (2). They correlated the appearance 
of acute phase protein with temperature, sedimentation rate 
and white blood cell count, and found that rise in temperature 
and increase of sedimentation rate or of white blood cells do not 
run parallel with the formation of acute phase protein. Acute 
phase protein was present in the serum of all cases with a febrile 
temperature ()38° C.) while patients with slight elevation of tem- 
perature often show a negative reaction (2). It would be of in- 
terest, both from a theoretical and practical point of view, to 
loiow at what stage of the rising temperature the acute phase 
protein appears in the blood. We have therefore induced fever 
experimentally, and the appearance of acute phase protein has 
been correlated with the rise in temperature as well as with the 
white blood count and sedimentation rate, and with changes in 
the electrophoretic pattern. 


Hetliods. 

The capsular swelling reaction of Lofstrom (1) was used for 
the determination of acute phase protein in serum. 

The experiments were carried out on seven afebrile convalescent 
patients with a negative capsular swelling reaction. 

Fever was induced by a suspension of formalin-ldlled Aero- 
bacter aerogenes, the stock solution containing 100 mill, bacteria 
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per ml. A diluted solution of this vaccine (2 ml per 1,000 ml 
of physiologic saline solution) was administered, by continuous 
intravenous drip. The drip rate was regulated according to the 
rise in temperature, a constant temperature of about 39° G. 
being aimed at. Turther details regarding this technique will be 
published (3). Blood samples for determination of acute phase 
protein, white blood cell count and sedimentation rate were taken 
immediately before the drip was instituted and then every third 
hour. The temperature was recorded every half or full hour. 
Usually when acute phase protein appeared in the blood in a 
titer of at least + 2 the drip was removed and blood samples 
were taken less frequently, as a rule once every 24 hours until the 
temperature had returned to normal and the capsular swelling 
reaction was negative. 

In two cases the changes in the electrophoretic pattern were 
followed.’- 


Results. 

Tigures 1 — 3 are typical curves and show the behaviour of 
temperature, white blood cells, sedimentation rate and acute 
phase protein after continuous intravenous administration of 

Case 2924/4? Diagnosis: duodenal ulcer 
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’ The electrophoretic analyses -were kindly performed by Dr. B. Olhagen. 
The buffer Was composed of a phosphate buffer -with an ion strength of 0.1, pH 
T.6, plus 0.15 M NaClj according to Svenson and Olhagen (4). 
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Aerobacter aerogenes vaccine. In all seven experiments the tem- 
perature began to rise from 5 to 7 hours after the start of the 
infusion. Simultaneously with the rise in temperature the number 
of white blood cells increased. As long as the A. aerogenes 
vaccine was being administered a leukocytosis was present in 
the peripheral blood. This subsided rapidly when the drip was 
suspended whereas the temperature took a longer time to return 
to normal. 

Acute phase protein was demonstrated in the blood in six 
cases 16 — 21 hours, and in one case 27 hours, after the administra- 
tion of A. aerogenes vaccine had been started. Thus, after the 
start of the temperature elevation, from 10 to 20 hours elapsed 
before acute phase protein appeared in the blood, the maximum 
increase being between 18 and 22 hours after. It disappeared 
from the blood at a slower rate, funning parallel on the whole 
with the temperature drop; by the time the temperature had 
reached the normal value the capsular swelling reaction was also 
negative in most of the cases. 

The sedimentation rate increased to a moderate degree in these 
experiments. The increase occurred late, and rise in the sedi- 
mentation rate was as a rule not observable until about 24 hours 
had elapsed after acute phase protein had appeared in the blood. 

The electrophoretic analyses revealed a relative decrease in the 
albumin content and a relative increase in the globulins, the latter 
being almost entirely due to increased a-globulins. 

Discussion. 

With this experimental procedure it was possible regularly to 
induce fever after an interval of 5 to 7 hours. After a fever period 
of between 10 and 20 hours acute phase protein could be demon- 
strated in the blood. The point of time at which acute phase 
protein appears in the blood shows much greater variation in the 
individual cases than the time when the temperature elevation 
occurs. This may perhaps be explained by the fact that the acute 
phase protein was recorded less frequently than the temperature. 
The behaviour of temperature, white blood cells, acute phase 
protein and sedimentation rate after experimentally induced 
fever is similar to that occurring after myocardial infarction. 
In this condition, often with a sudden onset, there is a rise in 
temperature and white cells during the first day of illness. Acute 
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phase protein is ahva 3 's present in the blood and is demonstrable 
first on the second day after onset (2). The sedimentation rate 
increases slowly and a noticeable increase is not recordable until 
the third or fourth day of illness. 

Electrophoretic fractionatioji has shown that acute phase pro- 
tein in human serum belongs to the o-globulins (5). In our experi- 
ments, it was not possible to localize acute phase protein in the 
electrophoretic diagram. The increase in the concentration of 
a-globulins occurring when the titer of acute phase protein is 
at its peak (figs. 2 and 3) cannot be due to acute phase protein, 
since the increase was still observed, and was even more pro- 
nounced, in the samples taken after the acute phase protein had 
disappeared from the blood. In all probability, the inereased 
globulin content may be interpreted as a non-specific reaction 
brought about bj’ the bacterial protein. In favour of this view 
is the simultaneouslv increased fibrinogen, which in one case 
was significant (fig. 3). The reason why acute phase protein could 
not be located in tlie electrophoretic diagram is probably that 
it is present in the blood in such small quantities that it cannot 
be demonstrated by this method. A serologic method would 
therefore seem to be the best way of determining the acute 
phase protein. 


Summar.y. 

After experimentally induced fever of 10 — 20 hours’ duration 
acute phase protein appears in the blood. The appearance of 
acute phase protein has been correlated with rise in temperature, 
white blood cells, and sedimentation rate and with changes in 
the electrophoretic pattern. 
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From the Medical Department of Maria Hospital, Helsingfors. 
(Chief: Prof. Fredrik Saltzman.) 


Alternating Nodal and Sinus Rhytlim in a Case 
of Situs Tiscernni luYersus. 

By 

RUBEN GORDIN.i 

(Submitted for publication November 17,. 1947.) 


Aschoff- Tawara’s node receives, as is known, its impulses from 
the sinus node and sends them along the bundle of His to the 
bundle branch and thence to the ventricle walls. When there are 
disturbances in the higher placed centres or the paths of conduc- 
tion, such as the sinus or sino-auricular block, or with physio- 
logical occurrences, sinus bradycardia, slow sinus arrhythmia,- or 
during a pause after a premature systole, the atrio -ventricular 
node can take over the function of an impulse centre. It then 
sends out individual impulses so that the nodal escape or the 
nodal extrasystole arises, of also the node takes over the whole 
of the function, giving rise to a nodal rhythm. This is generally 
considered to be the sign of serious injury to the heart, but can 
also be the result of an intoxication due to different medicines. 
Magnusson quite recently reported in his publication, aAuricular 
standstill)), two such cases after treatment with chinidin and 
digitalis. Such affections have been formerly demonstrated experi- 
mentally, in 1887 by Cushny in giving digitalis to dogs, and later 
by Lewis in using stropbanthin, by Boden and Neukirch in ad- 
ministering chinidin etc. 

In treating patients with these medicines, attention must 
he directed to the possibility of disturbances arising in the paths 
of conduction or in the centre, and in consequence of this, a nodal 
rhythm. Wolff and White assume, that when death occurs during 
a cure by c hinidin, if it is not caused by emboli, it is due to the 
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stancLstill of the ventricle hecaiise the atrio-ventricular node is 
paralysed. This theory is supported by Korns’ experiment on 
dogs, and calls for great care, especially when, in giving digitalis 
or chinidin medicine, an auricular fibrillation is transformed into 
a nodal rhythm. 

The nodal rhythm arises generally as a passive function of 
the atrio-ventricular node when this, because the higher lying 
centres or leads do not work normally, must take over the func- 
tion of an impulse centre. The following is a short description of 
a case in which the nodal rhythm seems to have arisen as an 
active function of the node of which the sensitiveness had in- 
creased. 

The patient, an S3-year-old woman, formerly in the postal 
service, was in the j\Iaria Hospital, Medical Department from 
28. 9. 45 till 30. 1. 40. Diagnosis: Myodegeneratio cordis. iViderio- 
sclerosis. Situs viscerum inversus. 

The anamnesis showed nothing peculiar. She had been in good 
liealth generally, had pain in the legs for about a month and 
numljod feet so that it was cbfficult to walk. 

Status: Unusually lively and alert for her age. Varices in the 
lower logs. Nothing noticeable about the nerve system and the 
lungs. Artcria radialis hard, uneven, twisting. No pulsation in 
artcria dorsalis pedis. Pulse even, regular except for occasional 
premature systoles. Pulse frequency reckoned at 40, 42, 44, 48 
and 70/min. Heart on the right side, not enlarged. No murmur or 
accentuation. Blood pressure 180/100 min Hg. Liver on the left, 
spleen on the right side. Urine: 0. Hgl 82/95. AVaR-.X-ray: Situs 
viscerum inversus. Myodegeneratio cordis. Emphysema pulm. 
Ventricle lying to the right, colon ascendens to the left, colon 
descendens and sigmoideum to the right. Nothing else pathological 
in the intestinal canal. 

Ehj 24. 3. 33 (Fig. 1.) In the first lead an ekg t}q)ical for situs in- 
versus with a frequency of 75/min. Here the sinus rliythm suddenly 
clianged into a nodal rhythm with a frequency of 40/niin., later 50/niin. 
Leads II and III show a sinus rhythm with a frequency of 75/min. 
AYc liavc tlius in tlic first lead a sudden, temporary transition from a 
sinus to a nodal rliythm, which, however, quickly goes back to a sinus 
rliythm, which is visible in the later leads. 

EJcfj 1. 10. 45 (Fig. 2.) Lead I: The first four complexes are of nodal 
type, the rhythm nodal with a frequency of 42/min. (QRS = l.d”.) 
No 5 has an indication of a P-wavc, the distance is shorter (I. 2 ”). 

Lead 11: The complexes Nos 1, 2, 4, 5 and 7 are of nodal origin. Nos 
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3, 6 and ]2 are ventricular premature systoles of different origins. 
Nos S, 9 and 10 proceed from tlie sinus node, a sinus rhythm with a 
frequency of 60/min. PQ O.is”. 

Lead III: Nos 1 and 4 arc of nodal origin, No 3 is a ventricular pre- 
mature systole, Nos 2, 5 and 6 arc sinus complexes. 

We have licrc an ckg in which the middle nodal rhythm alternates 
with one, led from the sinus node; besides these ventricular premature 
systoles of different origin. The question is therefore one of severe 
disturbances in the leads, we have clearly here a sino-auricular block, 
where the sinus impulse is at times led to the atrio-ventricular node, 
while again there is at times a blocking, causing the rise of the nodal 
rhytm. 

Ehj S. 10. -15 shows a nodal rhythm in leads I and II which at first 
continues in lead III and then transforms into a sinus rhythm. 

20. S. lo (Fig. 3): Here we have a regular nodal rhythm with 
a frequency of 37/min. Instead of a slow rhythm, the sinus carotid 
pressure gives a more rapid rhythm with a frequency of C3/min., and 
this rhythm originates in the sinus node. After three sinus complexes 
the rhythm again becomes nodal, with the same frequency as before the 
carotid ])ressurc. Thus instead of a vagus effect we get one, proceeding 
from the sympaticus, because the patient is irritated by the pressure. 
Later tests with caroticus and bulbar pressure have, with one excep- 
tion, given the same result. 

After exertion (Fig. 4), a sinus rhytlim appears in leads I and II, 
in lead III a nodal rhythm with a frequency of 46/min. The carotid 
pressure brings back the sinus rhythm which is transformed into a 
nodal one with a frequency of 37/miu. 

Ebj 13. 11. lo .shows a nodal rhythm with a frequency of 46/min. 

Ehj 21. 1. -16 shows a regular sinus rhj'thm with a frequency of 
o-o/min,, which by means of the carotid pressure is transformed into a 
regular nodal rhythm with a frequency of 41/min. ■\^^lcn the pressure 
ceases, the nodal rhythm continues. 


Summary of tho Electrocardiographic Changes. 

These show a nodal rhythm alternating with a sinus rhythm, 
the latter usually arising with exertion, or when the patient has 
been exposed to some kind of interference which irritates her. 
Thus repeated sinus carotid pressure, except for one occasion 
when the sinus fhj’thm becomes a nodal rhythm which con- 
tinues after the pressure has ceased, does not cause any diminishing 
of the heart’s frequency but, on the contrary, a quicker heart 
action, that is, a sympaticus effect. Here there is clearly a sinus 
node with a lowered capacity for sending impulses (the patient 
is 83 years old with definite sclerotic changes), and it appears 
most often to function when the heart is subject to greater strain. 
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The nodal rhythm wliich so often shows itself, a function of the 
atrio -ventricular node of which the rhythm alternates with one 
proceeding from the sinus node, points to a certain disposition of 
the xVschoff-Tawara’s node to take over the function of an impulse 
centre actively, and it must be assumed, that this nodal rh}d;hm 
is, at least parti)*, the result of an increased irritability in the 
node, as an active rhythm, and not, as in generally, as a passive 
one due to the fact that the impulses of the sinus node have 
disappeared. 

A special phenomenon, which to a certain extent indicates 
grave disturbances in the lieart action, deserves mention. In 
ekg from 1933 T I was negative as it usually is in a case of situs 
viscerum inversus. In tlie later ckg:s the T I was positive. We 
may probably take this positive T I as an inverted T, and as of 
the same importance as a negative T I in ordinary heart condi- 
tions, and as a sign, that in process of time, sclerotic changes will 
occur in the heart’s musculature. I have not seen this phenom- 
enon mentioned in the literature, .still less commented upon. 

Theoretically atropine .should speed up the heart action, but 
according to Sclierf and Boyd an opposite effect is found in 30 % 
of normal people, although of temporary nature. »Atropine pro- 
duces an ’’inverse’ excitation of the vagus which is evident for 
a short time before the paralytic effect becomes apparent.)) This 
has also been pointed out by Eckl, Wilson and otliers, and is 
explained by the fact that atropine does not paralyse all vagal 
endings simultaneously, but that for a short while the atrio -ventric- 
ular node takes over the radiating of imj^ulses. A similar test 
with our patient (Fig. 5) shows this effect, though of temporary 
nature, in that the nodal rhjdhm only occurs in lead I, to give 
place in the others to the original sinus rh}^!!!!!. This test too 
may possibly support the conception of the atrio-ventricular node’s 
tendency to radiate impulses. 

The patient returned to hospital at the beginning of September, 
having had a sudden attack of apoplexy with right-sided paralysis. 
A few weeks later cxitus Ictalis. At the post-mortem a total 
situs viscerum inversus was confirmed. In the left corpus striatum 
a yellowish-brown softening focus was found the size of a little 
finger tip. The heart weighed 400 g and looked quite normal 
except that the position of the chambers was exactly the reverse 
of what is usual. 

The heart muscle uniformly greyish-white without foci, the 
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valves showed nothing remarkable. The right anricle ranch dilated. 
The caecum long and loose and on the left side, colon ascendens 
and colon descendens both on the right side. On the right side 
wore 4 rather large and some small spleens, all close together 
but clearly separated. Arteriosclerosis changes in the aorta. In 
the main branch of the right arteria pulmonalis was a greyish- 
red, easily loosened embolism as thick as a finger. Kidneys finely 
granulated with a weakened cortex. Post-mortem diagnosis: 
Situs visccrum inversus. Emholia rami dx. art. 'puhn. Nephrosclerosis. 
Htjpertrophia cordis. Arteriosclerosis. Histological examination of 
the heart and blood vessels showed extensive sclerosis, not least 
in the interventricular septum. 35y an oversight the histological 
preparation was not safeguarded lege artis, and therefore a more 
detailed examination of the heart’s .specific conduction system 
could not be made. 


Summary. 

First a short description of Aschoff-Tawara’s node and its 
function as the impulse centre at different junctures. 

The case reported shows electro-cardiographic changes in the 
form of a rhythm alternately nodal and sinus, the latter usually 
when the patient had been subjected to some overexertion. Thus, 
repeated sinus-carotid pressure did not result in a bradycardia 
but, on the contrary, in a more rapid heart action due to an irrita- 
tion of the patient. It seems as if the ability of the sinus node to 
send out impulses was lowered. The nodal rhjdhm which so often 
appears — a function of the atrio-ventricular node — which 
rhythm alternates with the one from the sinus node, indicates a 
certain disposition in Aschoff-Tawara’s node to actively take over 
the function of an impulse centre, and it must be assumed, that 
this nodal rhythm is, at least to some extent, a consequence of 
an increased sensitiveness in the node — that is, an active rhytm — 
and not, as in general, a passive one due to the impulse of the 
sinus node having disappeared. 
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The Netherlands. 


Simplified Micro-Hirst Tecliiiiqne. 

By 

Professor Dr. J. MULDER and Dr. W. R. O. GOSLINGS, 
assisted liy Miss S. W. ENSERINK. 

(Siilimitted for publication December 1, 1947.) 


In 1911 Hirst (1) found that red cells of the hen arc agglu- 
tinated by the influenza virus. In consequence of this discovery 
the technique of the tdrological and immunological investigation 
of influenza has become simplified to such a degree that it has 
become available for every clinical laboratory, provided the in- 
fluenza virus strains arc placed at its disposal. 

The principle of the Hir.st technique, as modified by SaUc (2), 
is as follows. For the titration of a certain quantit)* of influenza 
virus a series of twofold virus dilutions in saline is mixed with a 
0.5 per cent (Hirst) or a 0.125 per cent (Salk) final dilution of red 
cells. The highest dilution that still shows a four plus agglutina- 
tion is a standard for the titer of the virus (not for the virulence, 
as killed virus also shows this phenomenon). For the titration of 
anti])odics in blood serum a scries of twofold serum dilutions is 
mixed with a constant quantity of influenza virus and red cells. 
'\\dierc the virus is neutralized by the serum, no agglutination 
is observed. 

This technique requires a very large number of tubes and pi- 
pettes and for quick working also automatic pipettes. The reading 
is only reliable after one hour and a half, when the agglutination- 
pattern has subsided at the bottom of the tubes. As in the case 
of human sera one must always work with two virus strains (A 
and B), 60 % of the tests yield- negative results. 

The following modification gave us much satisfaction as it 
saves time, glass ware and biological material. It was developed 
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Fig. 1. Tmmane-body fcrretseramtitiation before and after infection. Influenza- 
hemagglutination test in a tile. The first serum-dilution is 12. 


in consequence of a communication from Goslings, wlio published 
the same technique for a rapid micro penicillin-titration for cli- 
nical use (3). x 

Instead of tubes, small dye-trays (tiles) are used, the concavities 
of which are examined beforehand to see if they will yield good 
sedimentation-patterns of the red cells. The diameter of the 
holes is 11 mm and the greatest depth 9 mm. If the holes are to 
steep the agglutination-pattern often shows a collapse which some- 
times interferes with an exact reading. The same phenomenon is 
often seen when using the macro-method according to Hirst. 

Dilutions of virus and serum are prepared with a Pasteur- 
pipette. The final dilution of the red cells must be 0.5 per cent, 
else the pattern of agglutination and sedimentation becomes in- 
distinct. The agglutination-pattern is very beautiful and its 
formation can be easily followed. Owing to the shght quantity 
of fluid in the concavities the settling process is complete within 
half an hour. After a quarter of an hour one is able to read it. 
The tests can be made with one drop of virus solution, for instance 
amniotic or allantoic fluid of inoculated eggs and one drop of 
serum. In the case of the agglutination inhibition test with im- 
mune sera or patients’ sera mixtures of serum dilutions and virus 
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are kept one hour at -f- 4° C before adding the red cells, as 
•\ve found that the first agglutination-patterns were less clear 
when the red cells were added at an early stage (Kg. 1). All 
tests are done in the ice-box at a temperature of -f 4° C. 

Criticism of the Method. 

Tlie only objection to this method is the dropping, which is 
not quite equal, according as saline, serum or red cells are used. 
The preparation of the dilutions with the Pastcur-pipette is also 
liable to a certain error. These errors are slight, however, and in a 
comparative examination of the sera of patients they arc not of 
importance. Generali)’' speaking ive use the method for the prelim- 
inary examination of a large number of patients’ or ferret sera. 
We always use the method for a rapid determination of the titre 
of amniotic and allantoic fluids from inoculated chick embryos. 

Summary. 

‘When applying the Ilirst technique for the titration of influenza 
virus and scrum antibodies one can save time, glass-ware and 
materials by using small dye trays (tiles) with concavities, instead 
of glass tubes. Both the agglutination and the sedimentation 
pattern may be seen quite clearly and beautifully after half an 
hour. 
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IS'^oriiial and Pathological LyiiiphadenogTani in 
the Light of Own Research.^ 

By 

Prof. Dr. TADEUSZ TEMPKA and Doc. Dr. MIECZYSDAW KUBICZEK, 
(Submitted for publication November 3, 1947.) 


Microniorpliological examination of tlie smears of material 
obtained by the puncture of pathological lymjiliatic glands, i. c. the 
preparation of lympbadenograms, is a great advance in modern 
clinical methods of investigation. This method of biopsy, in spite 
of its undisputed value, has not been up to now universally applied. 
The most important cause for the lack of the general application 
of lympbadenograms is the difficulty of correctly evaluating the 
picture. 

In evaluating the morphological picture of lyinphadenogram 
one must take into consideration two points: first the estimation 
of the general character of the morphological elements, second 
the evaluation of their relative proportion. One must stress that 
sometimes even this method of investigation is not sufficient for 
diagnosis and one must base it on the other investigations and the 
whole clinical picture. 

At the beginning it is necessary to mention the advantages and 
disadvantages of the examination of smears from aspirated glands. 
First material for examination gained in this way is, to a certain 
extent, obtained blindly, as in every other similar method, and in 
small amounts. Second, through aspiration the specimen is sepa- 
rated from its physiological surroundings and smeared on a slide, 
it is not surprising therefore that the picture appears to be quite 

‘ The work was finished just before the war and could not appear. As there 
was no possibility to eontinue our research work under the German occupation 
■We publish this paper only now, with a few now cases. 
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gram, namely the red corpuscles which through retrogressive 
changes are losing gradually the property of oxyphilic staining 
for basophilic one. There was a complete lack of erythroblasts. 

4) The Thrombocytes. 

No typical thrombocytes were observed either single or in groups. 
They were looked for especially in the fields of vision with fewer 
cells and free from detritus, as otherwise it would be difficult to 
distinguish them in the background filled with concretions, even 
if they were present. No megakaryoc}dies or megakaryoblasts 
were seen. 

A small number, about 0.5 per cent of the cells or nuclei observed 
cannot be recognized and placed in any of the above described 
groups. Occasionally cells in stage of mitosis were seen that also 
could not be definitely classified. 

On the basis of the above bio-morphological data of a normal 
lymphadenogram the following conclusions may be drawn con- 
cerning the productive and destructive activity of the lymphatic 
gland with reference to the morphological elements of the blood. 
The 'prodztctive activity has two aspects: first the production of 
lymphocytes, which is proved by the presence of their young 
forms i. e. lymphoblasts, second — ■ the production of reticular 
cells, which appear singly or more often in groups in every normal 
lymphadenogram and show a tendency to phagocytosis. On the 
other hand there is no evidence of erythro-, granule- and thrombo- 
cyto-blastic function in the normal lymphadenogram. The de- 
structive activity includes first of all lymphocytes which split and 
disintegrate usually extracellularly, but it must be emphasized 
that lymphocytolysis occurs partially also through phagocytosis 
by the reticular cells. We also confirmed the occurrence of scanty 
erythro cytoly sis. That the red corpuscles are destroyed in the 
lymphatic glands is supported by the presence of the degenerated 
basophilic erythrocytes showing the remnants of oxyphilia as 
described above. The presence of the »naked nuclei)) of the reticular 
cells and the splitting off of the cytoplasm of these cells is evidence 
of their destruction. That we have to do with the pictures of actual 
destructive activity of the gland and not with the artifacts is 
supported by that in the same fields of vision, and therefore sub- 
ject to the same external conditions, we find different correspond- 
ing cells that are very well preserved. 
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Comparing our findings with those of other authors (E. Weil, 
I. Wall and S. Perles; Flcischhacker and Klima; Stahel) we are 
in complete agreement with their description of a normal lymph- 
adenogram. The French investigators define normal lymph- 
adeuogram as »banal et uniforme constitue en majeui’c partie par 
des lymphocytes adultes)). The above mentioned Austrian and 
Swiss authors give the following composition of a normal lymph- 
adenogram: the majority of cells are adult lymphoc}des, single 
Ij'mphoblasts and reticular cells; in the reticular cells the remnants 
of phagocytosed cells are found; of other forms one finds red 
corpuscles, plasma cells and neutrophil polymorphonuclears. 
The composition as given by these authors differs from ours only 
in that we did not corroborate the presence of plasma cells in the 
normal lymphadenogram. No data concerning the production or 
destruction of cells in the normal lymphatic gland were given by 
the above mentioned authors. 


Lymphadenogram in Pathological Conditions. 

In research on lymphadenogram of glands that have been 
changed by disease, our problem was to determine whether, and 
to what extent, this method can be used for diagnosis, analogically 
to the use of the myelogram and splenogram. For our research we 
took smears of enlarged lymphatic glands from cases in which 
the diagnose was certain and as a control we examined the glands 
histologically in sections. Our material comprised 70 cases grouped 
as follows; lymphadenoma (Hodgkin’s disease) — 32 cases, tuber- 
culous glands — 18 cases, chronic aleucemic lymphadenosis — 
3 cases, chr. leucemic lymphadenosis — 5 cases, acute myelo- 
blastic leucemia — ■ 2 cases, clir. myeloid leucemia — 3 cases, 
neoplastic glands — 7 cases. 

Lyvifhadenoma {Hodgkin’s disease) gives a series of different 
appearing lymphadenograms, -which however have one common 
characteristic namely the polymorphism of the cell elements. 
This polymorphism is created by the following cells: 

A) Cells not appearing in a normal lymphadenogram: 1) Stern- 
berg’s cells, 2) monocytes and monocytoid cells, 3) plasma cells, 
4) eosinophils. We must accentuate once more that according to 
our findings the cells named under 2), 3), and 4) never appear 
in a normal lymphadenogram. 
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Tuberculous Glands. 

Tlie lymphadenograms obtained in 18 cases of tuberculous 
cervical lymphatic glands gave the following results: In 8 cases the 
picture was completely normal, apart from increased number of 
lymphoblasts and reticular cells in some fields of vision. In the 
remaining 10 cases enlarged, hard, non-fluctuating glands were 
punctured and the smears showed a completely formless detritus, 
in which more or less numerous neutrophil granulocytes and 
lymphocytes could be seen, some of them with well preserved 
structure while others were in a state of disintegration. We did not 
observe in any case either giant cells or Koch’s bacilli. Because 
of scanty material gained by the puncture we did not inoculate 
guinea pigs. With regard to the diagnostic value of lymphadeno- 
granx in tuberculous glands it is concluded that there are no special 
morphological characteristics on which to base the diagnosis, 
unless of course it is possible to show the presence of Koch’s 
bacilli or at least giant cells, neither of which wete seen in our 
preparations. 

Lenceini.a. 

Our material comprises 5 cases of chronic leucemic lymphade- 
nosis, 3 cases of chronic aleucemic lymphadenosis, 3 cases of chr. 
myeloid leucemia, and 2 cases of acute myeloblastic leucemia. 

Chronic lencemic lymphadenosis: The erythrocytes are very 
much the same in number and appearance as in the normal 
lymphadenogram. There are no granulocytes. The lymphocytes fill 
every field of vision and the proportion of lymphoblasts in com- 
parison to the normal lymphadenogram is greatly increased 
(Fig. 10), sometimes to such an extent that they outnumber the 
adult forms. Here and there cells in stage of mitosis were observed. 
rtGumprechi’ s shadows)) are more numerous than in normal gland. 
The lymphoblasts have on the whole a typical appearance; single 
cells however are a little larger, and show a similarity to reticular 
cells in their structure. They seem to be transitional forms between 
lymphoblasts and reticular cells. The number of reticular cells, 
together with Turk’s cells, are greatly increased; endothelial cells 
were not observed. 

Chronic aleucemic lymphadenosis (Fig. 11). The most charac- 
teristic is the great number of Gumprecht’ s shadows, outnumbering 
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age of several measurements repeated on the same subjects in 
different days. 

The residual air changes may be considered as due, in part at 
least, to variations in the extension of the functioning alveolar 
fields and in the blood filling of the lungs. Those changes of resid- 
ual air would induce a corresponding variation on the resting 
respiratory level, if a concomitant modification of the reserve 
air does not take place. Ob%dously we are deabng here with the 
constancy or inconstancy of the resting expiratory level of the 
thorax, which according to Wolff (11) shows a tendency to become 
fixer in the pulmonary tuberculosis. The point is not well estab- 
lished yet, and it will require further studies. It must not be for- 
gotten, however, that in tuberculous patients an occlusion of a 
bronchiole by secretions could temporarily exclude from the active 
gas circulation a ca^’ity or a number of alveoli with the con- 
sequent modification of the residual air volume. 

Before going further in the discussion it would be interesting to 
have similar data fcom normal subjects. 

Such variability of the residual air volumes must not be dis- 
regarded in studying the changes produced on the lung volume 
by the surgical treatment of cancer or tuberculosis of the lungs. 

For judging the significance of a change of the mean value 
of the functional residual air, in pulmonary tuberculous patients, 
measured by duplicate and Avith the method employed by us, 
the S. D. of i 5.4 per cent of the volume measured should be used. 

For residual air the S. D. of ±9.1 per cent of its volume or 
±6.3 per cent of the volume of the functional residual air should 
be used. 

The analysis of the 296 duplicate measurements of functional 
residual air made on pulmonary tuberculousis shows, that the 
results secured with our technic agree fairly well with those ob- 
tained b}'' Cournand ct al. with their open circuit method. 

The variability of the average of our duplicate measurements 
of functional residual air as single determinations are much lower 
than that obtained by Birath, S. D. ± 48 against ± 89 ml. The 
greater volumes of his series, which determinations were made in 
sitting position, could perhaps account for the difference. 

S. D. of single determinations of vital capacity and comple- 
mentary and reserve air have been calculated in ml instead of 
percentages of their volumes, on account that no correlation has 
been observed between variability and volume magnitude of the 
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form, cannot in itself ascertain tlie diagnosis, as qualitatively it 
does not differ from that of the normal gland, and a definite in- 
crease in the number of lymphoblasts and reticular cells is not yet 
a sufficient proof. As regards myeloid leucemia, both acute and 
chronic form, a definite myeloid metaplasia can be easily seen in 
the lymphadenogram. The acute form can be differentiated from 
the chronic one by fewer adult granulocytes in the former. How- 
ever, in estimating the value of lymphadenogram for diagnosis 
of myeloid leucemia, one must remember that myeloid metaplasia 
in the lymphatic glands may appear apart from leucemia also in 
other diseases as was confirmed by different authors. Thus Herzen- 
berg found local myeloid metaplasia of the cervical glands in diph- 
theria, scarlet fever, and measles. In cases where there were slight 
changes in peripheral blood, characterized by an increased number 
of leucocytes and the presence of single myelocytes, Hirschfeld 
confirmed myeloid metaplasia of glands and spleen in the course 
of such infections as diphtheria, scarlet fever, erysipelas, lobar 
pneumonia, meningitis, tuberculosis of the lungs, and other general 
infections. Concluding, lymphadenogram showing myeloid meta- 
plasia has diagnostic value only when taken into consideration 
together with the whole clinical picture. 

It should be emphasized that our research seem to show the 
existence of transitional forms between reticular cells on the one 
hand and the lymphoblasts and myeloblasts on the other. This 
fact suggests that reticular cells may develop, at least in patholog- 
ical conditions, into lymphoblasts or give the origin to myeloid 
metaplasia of the gland. The findings of Tleischhacker and Klima 
and of Stahel are in complete agreement with ours; in cases of 
lymphatic leucemia they corroborated the increase of the cell ele- 
ments of the normal lymphatic gland, and in myeloid leucemia 
they found myeloid metaplasia of the lymphatic glands. 


Malignant Neoplasms. 

Seven cases of carcinomatous glands were examined: 4 cases of 
carcinoma of the lung with metastases in the supraclavicular and 
cervical glands, 1 case of cancer of. the hepatic flexura of the 
colon with metastases in the mesenteric glands (the puncture was 
performed on the glands during laparatomy), 2 cases of cancer of 
the stomach with metastases in the supraclavicular and cervical 
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glands, and 1 case of sarcomatous glands. In all tlie cases the 
diagnosis was confirmed by clinical and histological investigation. 

In the cases of carcinoma of the lungs with metastases in the 
cervical glands, more or less abundant neutrocytes and scanty 
lymphocytes in a state of advanced degeneration were observed 
in lymphadenograms. From this background stand out well pre- 
served cells with oval, spherical or polygonal shape. They are 
found singly or in pairs in the mass of half or completely degen- 
erated neutrophils and lymphocytes. Usually they are not larger 
than leucoc}’tes, but sometimes three or four times larger cells 
are seen. Their nucleus is strongly basophil and large in comparison 
with the cytoplasm, which is uniform, without any granules, and 
also stains deep basophil. Very often nucleus has just divided or 
is in stage of mitosis. In man)’^ of the cells nuclei as well as cyto- 
plasm show distinct signs of degeneration (Fig. 14). The neoplastic 
character of these cells may be implied from their atypical struc- 
ture, marked basophilia of their nuclei, and very frequent mitotic 
figures. 

In the case of carcinoma of flezura hepaiica, a puncture of the 
mesenteric gland invaded by neoplasm was performed during 
laparotomy. In smears single cells, one or two in each field of vi- 
sion, three or four times as large as lymphocj’tes were seen. Their 
shape was round or oval, sometimes ^vith one large bud. The cyto- 
plasm was strongly basophil, without any structure, containing 
coarse very basophil gi-anules, clearly seen only in the lighter 
spots of cytoplasm (Fig. 15, 16). Some of the cells appear as dark 
uniform bodies only, without a trace of structure, others are in a 
state of disintegration. The background is formed by crowded 
lymphocytes and lymphoblasts. The increased number of reticular 
and plasma cells attracts attention. 

In the case of carcinoma of the stomach the enlarged cervical 
gland was punctured (diagnosed histologically in the Pathology 
Dept, of the Jagellonian University as carcinoma cylindrocellulare). 
The erythrocytes appear as in the normal lymphadenogram; the 
number of neutrophils is increased, in some fields some ten or 
more can be seen. Some of them show degenerative changes in the 
form of vacuoli in the cytoplasm. A few neutrophil ))stab cells» 
were seen; there were no younger forms. A few typical lymphocytes 
and lymphoblasts were observed. The reticular system was repre- 
sented by single monocytes similar to those found in peripheral 
blood, and typical reticular cells which were very numerous, some- 
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times outnumbering other cell elements. There was a definite 
increase of TiirJc’s cells. 

In almost every field of vision the presence of a few cells that 
are never found in a normal lymphadenogram, attracts attention. 
They lie either single or quite often in pairs, giving the impression 
that they are in a state of division. Sometimes a group of some 
thirty or more of these cells may be observed. Only those lying 
on the edge of such a group may be well differentiated; the rest 
form a packed mass, and except that the cells are all similar to 
each other, no definite details can be observed. The single cells 
(Tig. 17) measure from 16 — 20 to 26 /t. They have usually a slightly 
oval, at times an irregular shape, especially when they lie close 
together. The cytoplasm forms a wide boarder staining a light 
blue and sprinkled with very fine colourless vacuoli. In some cells, 
especially those lying in groups, the cytoplasm stains a strong 
basophil and shows much less vacuolisation. When compared to 
the amount of cytoplasm, the nucleus is small, 4 — 6 p, strongly 
basophil, with fairly dense structure. Only in some nuclei there 
are small light spots that may be nucleoli. Usually the nuclei lie 
in the centre of the cell and only when the cells are found in pairs 
are the nuclei to be seen on the edges of the cells, opposite .each 
other. In that case the cells and their nuclei seem to be a bit smal- 
ler, as if they had just divided. It should be noted that from time 
to time the cells with thick irregular loops of chromatin and bi- 
nucleated cells may be observed. The above described cells, 
appearing in this case in large numbers, are not found in the nor- 
mal lymphadenogram. They seem to us to be of neoplastic char- 
acter. In histological section of the same gland, even though 
the cells were noticeably smaller, they had similar characteristics, 
in that there was a strong vacuolisation of the cytoplasm. 

Sarcoma. A smear from an enlarged, hard axillary gland was 
made in which the histological examination in the Pathology 
Dept, of J. U. showed sarcoma variocellulare. The erythrocytes 
were similar to those in normal gland. The granulocytes: in many 
fields of vision there was a noticeable increase in the number of 
polymorph neutrophils and eosinophils. A large number of them 
showed degenerative changes in the form of vacuolisation and 
complete disintegration. In comparison with the normal lymph- 
adenogram there were much fewer typical lymphoblasts and lympho- 
cytes. There was a great increase in number of typical reticular 
cells; in some fields of vision they were lying side by side composing 
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the niajority of all elements. Their cytoplasm was usually well 
preserved, some nuclei were stripped of cytoplasm. A large number 
of the cells, well above the normal showed the appearance of 
macrophags, with formless strongly basophil inclusions, occasion- 
ally with red cells and lymphocyte nuclei phagocytosed. Mono- 
cytes were also present in numbers that were above normal. A 
special notice should be taken of cells (Tig. 18) that never were 
seen in the normal Ij-mphadcnogram. These cells vary in size 
from 7 — 15 — 20 ft. Tlie}’’ arc usually round and only when several 
cells are found together are they subject to mutual flattening 
which gives them an oval or irregular outline. The whole cell 
stains a strong basophil. Only in some cells it is possible to differ- 
entiate a large nucleus, without nucleoli, from the deep basophil 
cell-body; in others the nucleus fills almost the whole cell and can 
hardly be distinguished from the cytoplasm. Some of the cells 
lying side by side give the impression of undergoing division. It is 
characteristic of these cells that they stain a strong basophil and 
for this reason they can be easily distinguished fronr the neigh- 
bouring forms. It is quite definite that they are neither over-stained 
lymphocytes nor reticular cells. Proof of this is in the fact that the}’’ 
arc found either singly in the neighbourhood of other Icnown, 
norinall}' stained cells or that tj’pical normally stained reticular 
cells, lymphocytes, and granulocytes lie singly among the numer- 
ous strongly basophil cells described above. We consider these 
cells to be of neoplastic origin; the histological preparation con- 
firms this. 

Concerning the use of lymphadenogram for diagnosis of the 
neoplastic lymphatic glands, we must state that owing to the very 
few cases of ours and not very numerous cases of other authors, 
one cannot give yet any definite morphological principles on which 
to base such diagnosis. However on the basis of our present mate- 
rial we can indicate certain characteristics that are found in the 
lymphadenogram of neoplastic glands. These characteristics are: 
The different general appearance of the neoplastic cells when 
compared with all cell elements of a normal lymphadenogram. 
The most striking is very strong basophilia both of the nucleus 
and cytoplasm, sometimes so pronounced that the boundaries 
between them are completely effaced and it is impossible to dis- 
tinguish any cell structure. The cells show very often degenerative 
changes, principally in the form of vacuolisation of the cytoplasm. 
‘\''ery characteristic is the marked tendency of these cells for atyp- 



450 TADEUSZ TKMPKA AND MIECZYSfiAW KUBICZEK. 

ical division witli formation of thick irregular chromatin loops 
(atypical chromosomes?) during mitosis and development of 
binucleated cells showing asymmetry of nuclei with regard to their 
size and the position within the cells. The presence of mitotic 
figures, especially of atypical ones, may be taken as evidence of 
the great proliferative power of these cells. The above described 
basophilia, lack of any definite differentiation and in the same time 
the signs of degeneration suggest also an intensified and patholog- 
ical proliferation. 

Conclusion. 

In summing up the results of our research we can make the fol- 
lowing statement as to the clinical value of the lymphadenogram, 
even though our material is to small to draw any final conclusions; 
The lymphadenogram in lymphadenoma (Hodgkin’s disease) is 
of real diagnostic value only if it is, as we emphasized above, »a 
complete lymphadenogram)). The lymphadenogram in myeloid 
leucemia may be of real help in the aleucemic form with myeloid 
metaplasia of the lymphatic glands. And finally in case of neo- 
plastic glands lymphadenogram may at least facilitate the diagno- 
sis and diagnostic procedure. 

All the microphotographs were prepared in the Bacteriology 
Department of Jagellonian University (Director: Prof. Dr. M. 
Gieszczykiewicz t) with the help of Dr. Przybytkiewicz. We 
wish to thank Mm for his kind assistance. 
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Studies of Erythrocyte Counting.^ 

L 

Teclmical Errors. 

By 

HENKlIv F. LitNGE and HERBERT PALMER. 
(Sabmittccl for publication November 21, 1917.) 


A. General Uemarks. 

In tlic hematological literature wo find numerous papers on 
the counting of erythrocytes and the normal values found there- 
fore. One should therefore suppose that the subject had been 
thoroughly debated. 

Meanwhile it appears that under given circumstances we meet 
with conditions which diverge so greatly from the accepted 
standards that it seems necessary to take up for renewed consider- 
ation the technique employed and the value recorded. 

Special investigations which the authors pursued separately 
in 1943 also included enumeration of erjdhrocyte. The material 
at disposal was the same in both cases, namely, healthy medical 
students who were then doing service at the University Physio- 
logical Institute in Oslo. 

A remarkable finding was that most of the students showed 
erythrocyte values which were a good deal lower than the average 
normal figures usually noted in the ScandinaAdan countries. 

This led to the problem being taken up for investigation by the 
authors in collaboration. 

The low figures might be due to methods employed, to physio- 
logical peculiarities (war time phenomena) or to both factors. 

‘ Tlio work lias been supported by grants from Frein Chocolndo Fabriks Sledi- 
cinskc Fond. 

S9 — 'i8217i. Acta vtcd. scandinnv. VoL CXXXI. 
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The necessary requirement for the judgment of these matters 
was then an examination of the technical details in counting of 
erjdhrocytes. In other words, the first part of the task was to 
make clear the methodological errors in the widest sense and then 
on the basis of this scrutiny to demonstrate the most accurate 
method (our absolute figures have been published, with comments, 
in the Acta Sled. Scand.). 

The factors which influence the results of the erythrocyte 
counts are usually divided into two categories: 

1. Methodological errors. 2. Physiological errors. 

We have preferred to divide them into; 

1. Technical errors. 

2. Technical-physiological errors. 

3. Physiological variations (less appropriately called physio- 
logical errors). 

1. The technical errors comprise; 

a. Errors (hie to apfaraliis and reagents: Counting chambers, 
cover-glasses, pipettes for blood-taldng and dilution, dilu- 
tion fluids. ' 

b. Errors of execution: Measurement of blood and dilution 
fluid, mixing of blood with the dilution fluid, filling of the 
counting chamber, imposition of the cover-glass, counting 
of the erythrocytes. 

c. Other technical errors: Distribution of the erythrocjdes in 
the counting chamber, evaporation of the liquid in the 
chamber, variations in the surrounding temperature etc. 

2. The technical-physiological errors concern the technique em- 
plojmd in taking blood-samples. The basis for this terminology 
is the following: The damage to a small portion of the organism 
which the puncture in itself represents calls forth in the vessels 
reflex reactions of defensive and reparatory nature which will 
have a varying influence on the number of erythrocytes. There 
will here arise an interplay between the technical procedures 
and the organism. It is then important to endeavour to find 
the technical method that will call forth the least physiological 
reaction. 

This group thus comes to embrace: Preparation of the sldn, 
the puncture, the relation to the blood stream, the drawing 
up of blood into the pipette, the choice of place (locahsation) 
for the puncture (ear, finger, vein). 
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3. The fhijsiological variations comprise; 

The posture of tlie subject of experiment, eventual daily 

rhythm, constutional elements (race, sex, age), external factors 

(climate, height above sea-level) etc. 

After having carefully gone through these factors, one by one, 
ve found it necessary to concentrate our investigation upon some 
of them in particular. As regards many of the factors, v'e could, 
as was to be expected, merely confirm the results of earlier in- 
vestigations. These factors will therefore not be dealt with here. 

In the following there will be given an account of our investiga- 
tions concerning what we regard as »wcak points» in the methods, 
wherein we have, broadl}' speaking, followed the main classifica- 
tion suggested in the above description of the influencing factors. 

In these investigations the following apparatuses and liquids 
have been employed: Bucrkcr’s counting chambers with rectangular 
cover-glass, without clamps for fixing the coverglass (except for 
special purposes — see later). Further, Ellermann-Jorgcnsen’s 
system with separate pipettes for blood and for dilution. Mercury- 
calibrated pipettes (10 emm) have been used for the blood and 
ordinary 2-ml full-pipcttcs for tlic dilution liquid. AYe found the 
use of 2-ml pipettes more convenient and accurate (for example, 
it is easier accurately to measure 2 ml than 1990 cmin). It was 
found that special Ellcrmann pipettes for the dilution liquid, with 
graduation for 1990 emm volume, were very inexact, as delivered 
from the makers. (Adjustment of three such pipettes showed the 
following volumes: 2024, 2018 and 1976 emm.) j\Iixing pipettes 
were not used at all. They are difficult to adjust exactly and are 
usually subject to a considerable degree of error during use. 

Aji mixing tubes were employed ordinary dwarf test-tubes with 
rubber stopper. 

For puncturing was used a thin, sharp »cataract knife)) (for 
special purposes a scarificator — see later). 

As dilution liquid was regularly employed 0.9 per cent NaCl 
solution (for special purposes Hayem’s solution — see later). 
For desinfection of the skin ordinary technical ether was used. 

A careful mode of procedure was adopted for the pipetting (the 
tip of the pipette was wiped after filling, the blood pipettes were 
rinsed with the dilution liquid, regard was paid to the drainage 
time). 
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B. Studies of the Counting Chamhers. 

Especially by earlier investigators it was rightly maintained 
that in serial counting of erythrocjdies the same counting chamber 
and the same pipettes should always be used in, order thereby 
to eliminate errors due to the apparatus. This requirement can 
naturally be upheld so long as it is a question of a particular 
series where the observations do not follow in too close succession, 
and where they are preferably made by the same investigator. 
This demand does not hold good when series taken from different 
places are being compared and when the serial observations are 
made at such short intervals that there is no time for cleaning the 
apparatuses. 

In recent years (since 1930) it has constantly been asserted 
(for example, by P. Eargeman) that the counting chambers which 
are now being manufactured in one piece are so accurately con- 
structed that any possible divergency between the different 
chambers (of same make and type) will be so extremely small that 
it can be left out of consideration. It is, of course, quite possible 
that these appliances possess such exactitude, but the counting 
chambers are made of glass and are subjected during use to 
various influences (varying temperature, friction etc.) which 
affect the physical structure of the glass. It, must therefore be 
presumed that there may arise alterations in the counting chambers 
which may be of practical significance for the results of the count- 
ing. 


Physical Measurement. 

In order to get some idea as to whether such a divergency 
existed, physical measurements’- were made of the height of the 
chamber in three, fortuitously chosen Buerker counting chambers 
of the same type (two without clamps. No. 93595 and No. 41752, 

o 

and one with clamps, oKa). The same cover-glass was used in all 

a 

cases. The measurements were made on hath outer edges and on 
the inner edge of the counting field. Three measurements were made 


* The physical measurements in this -work ^v’e^e made by Amanuensis Nila 
Gulberg Olsen, University Physical Institute, Dept. A., Oslo. 
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at each place, with an exactitude of 0.001 nim. Clamps were not 
employed during the measurement. 

The results are given in Table 1. 


TaI)lo 1. 

Phi/sical Measurement of Height of Counting Chambers. 



Buerker 93595 

Bwerker 41725 

0 

Buerker olva 
a 


Inner Outer 

edge edge 

Inner Outer 

edge edge 

Inner 

edge 

Outer 

edge 

Jlean value 

0.UIS5 0.1080 mrai 0.1050 0.10.30 nim 

1 

0.1040 

0.1030 mm 

Total mean value. 

0.1080 mra 

0.1 010 mm 

0.1035 mm 


The chambers show an average error in height of respectively 
-r 8, -f 4 and +3.5 per cent, In the calcultion we reckon, as 
is known, with a height of 0.1000 mm. Accordingly we see that 
none of the chambers had this height. 

It may possibly be permitted to reckon with a corresponding 
result as regards the quadratic pattern of the counting fields. 

As to whether these divergencies aros(} after delivery from the 
factory or were present already at the time of delivery no opinion 
can be formed without special investigation of the matter, which 
we had no opportunity of making. 

In all cases we will already at the point of time note a varying, 
but absolute, error, which will be camouflaged in serial investiga- 
tions with the same chambers, but which may become manifest 
when several chambers are used. 

The practical conclusion to be drawn here from is that the 
counting chambers should be calibrated from time to time by 
physical measurement (with introduction of an eventual factor) 
as is done as a matter of course in case of other measuring appli- 
ances. 

iMeanwhile, if the physical measurement is to be fully satis- 
factory, it should be done at several places in the counting chamber, 
including the counting fields, but even on measuring relatively 
few, but important places, as in our case, it will be seen that the 
height of the chamber varies from place to place (see Table 2). 

Consequently the volume per unit of surface will also vary 
from place to place. In order as far as possible to eliminate these 
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Table 2. 


Physical Measurement of Height of Counting Chamber ^Details). 


1 

Buorker 93595 

Buerkor 41725 

0 

Buerker oKa 
a 

I. E.‘ 

0. E. 

I. E. 

0. E, 



Outer 

0.107 mm 0.110 mm 

0.104 mm 0.103 mm 

O.IOG mm 0.102 mm 


0.110 

0.107 

0.105 

0.102 



i Middle 

O.IOS 

O.llO 


Km 

O.IOG 

0.102 

1 

O.IOS 

0.110 


Bfli 



{ 

1 Outer 

0.110 

o.ioc 

0.105 

0.103 

0.103 

0.105 


O.IOS 







variations it is necessary to count a sufficient number of squares 
(blood corpuscles) in definite order and to make use of both 
counting fields. 

Although by physical measurement we may get a corrective 
factor for the average count in the chamber, we cannot, owing to 
the above-mentioned variations of volume, preclude the possi- 
bility of a difference between the two fields. 



Fig. 1. 


The result of an investigation embracing 255 comparisons 
between field I and field II (see Fig. 1), is shown in Table 3, 
where only the preponderance in one or the other direction is 
recorded. 

Calculated in percentage, field I shows preponderance in 
numbers of erythrocytes in 58.3 % of the total countings, field II 
shows prep onderance in 41.7 %, i. e. that field I shows 16.7 % 

* I. E. Measurement made on inner edge. — 0. E. Measurement made on 
outer edge. 
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more positive findings tlian field II. The difference between the 
two fields was not particularly great, but is it large enough to 
indicate that it is an error in procedure not to count both fields. 

Table 8. 

Distribiiiion of ihe Number of Counled Erythrocytes 
in Two Fields, Denoted by + and — . 

Field I 147 + 

(105 -) 

1 Field II 105 + 

(147 -) 


Calibration by Means of Erjrtbrooyte Counts. 

The question whether, instead of proceeding to physical calibra- 
tion of the chambers in each indi\’idual case, we can attain our 
object by comparative counts of the blood cells in two chambers, 
of which one has been physically calibrated, is of immediate 
interest. In such case we could use the physically calibrated cham- 
ber as )>prototype)>. 

It has been tried to elucidate this question by comparing 
the counts in two of chambers already physically measured 
(Buerker 93595 and Buerker 41725). As will be remembered, these 
chambers had different heights, 0.108 and 0.104 mm respectively. 
The result will be seen from Table 4 (where Ki denotes Buerker’s 
chamber 93595 and K; Buerker’s chamber 41725). 

Table 4. 


Comparison Between Chambers Ki and Re. Average Figures- 


Niiinbcr 
of obs. ^ 

' j 

K. 

Diff. 





Average 


14 4.42 

4.22 

0.20 

4.0 

+ 11.1 - O.O 

13 

0 

1 


Thus we see that in 13 out of 14 cases chamber 1 has a higher 
number of blood cells than chamber 2. The statistical analysis 
shows, however, that this difference is not certainly real, but lies 
within the range of error of the method. (The real difference, 
when dr 2.778, t is here 1.448.) In other words, this will 
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camouflage tlie difference between the chambers. This, again, 
will mean that an eventual difference between the chambers 
cannot be very great. Buerker maintains that differences in height 
of the chamber • — provided that Newton’s colour rings are pres- 
ent — are of no particular practical importance. For so far, our 
results may be said to confirm this statement, but that does not 
mean that the counting method is a suitable method for reliable 
calibration of a counting chamber. 

Counting Chambers With and Without Clamps. 

The cover-glass plays an important role. It must lie absolutely 
flat, have smooth (polished) surfaces and be sufficiently large. 
It must be so placed that Nerrton’s rings appear on both cross- 
beams, and these rings must be of the same order, a point which 
experience tells us is often neglected. 

There then arises the question whether we shall use chambers 
with or without clamps for fixing the cover-glass. 

With use of clamps three situations may theoretically arise: 
1) the cover-glass may curve downwards — whereby the height 
of the chamber becomes too small. 2) It ma)’’ curve upwards — 
whereby the height of the chamber will become too great. 3) It 
may be fixed absolutely level. This last will probably most often 
be the case. These three situations will depend upon the type of 
clamps used, on the point of fixation to the chamber and, not 
least, upon the pressure to which the clamps are subjected. 

In the first two cases it will be difficult to attain formation 
of Neu-ton’s rings. But it is a constantly recurring experience 
that it is altogether difficult to secure a proper control of the 
Newton’s rings when using clamped chambers. It will also be 
found that the rings vary according to the pressure exerted on 
the clamps, and it will be difficult to ensure that the colour rings 
are of the same order on both sides of the chamber. 

In case of physical measurement it was also found that by use 
of clamps the distance between the cover-glass and the cross- 
beam of the chamber can be varied within the area where New- 
ton’s rings appear by about 0.002 mm, or by practically speaking 
2 per cent of the height of the chamber. 

In order to get some idea of the practical importance of clamps, 
28 parallel counts were made in chambers with and Avithout 
clamps. The chambers used for this purpose — and in all sub- 
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sequent investigations in this work — were corrected in order to 
attain comparable results. 

The result of this comparison is given in Table 5 (where 
denotes chamber with clamps and K„ chamber without clamps). 


Table 6. 

Vse of Chambers IVti/i and Without Clamps. Average Figures. 


! > D5 03 

ber of o g -s 

I obs. 

! 

- 

a 

g. 


Diff. in percent. 

Km^Ku 

B 

A 

■ 

C ; JLIIII. 

c 1 

Avernge 

Dispersion 

128.... 

i 

4.38 1 4.13 

0.25 

0.17 

+ 18.15 — 5.1 

25 

3 

0 


In 25 out of 28 cases the clamped chamber shows a higher 
number of erythrocytes. Meanwhile the statistical analysis shows 
no certain real difference. (There is real difference when t > 0.387, 
while t is here 0.25.) But nevertheless we get the impression that 
there exists a difference that conies ver}’' near to the real difference. 

This finding, when compared with the physical measurement 
and the theoretical possibilities of error, as mentioned above, 
renders it advisable to refrain from the use of clamped chambers. 

By using chambers without clamps we can avoid convex 
positions of the cover-glass and we have greater chance of always 
obtaining Newton’s rings of the same dimensional order, since 
wc will here have to do only with adhesive forces. 


Filling of the Counting Chamber. 

In the filling of the chamber there is one )>error» which is very 
common and very easy to do, namely, overfilling. A method 
generally employed in most hospital laboratories, as prescribed 
in the ordinary textbooks on laboratorial technique, is immediately 
to suck up the supernatant liquid by means of filterpaper. We find 
little mention in the literature of the influence hereof on the re- 
sults of the counting. 

In Table 6 are seen the results of 27 experiments with comparison 
of exactly filled chambers (»autofilled») — and overfilled chambers 
from which the excess liquid was absorbed. 
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Table G, 


.4eerape Figures. 


No. ! Es- j Q 

• of 1 nctly ! 

, t j 1 nllCQ 

obs. 1 filled 1 

Diff. 

Diff. in percontago 

Exactly 
filled ^ 
overfilled 

Exaetly 
filled < 
overfilled 

Exactly 
filled = 
overfilled 

Aver. 

Dispersion 

j ( 

;27 4.25 i 4.19 

O.OG 

■J oo 

i..-« 

+ 11.9- -15.3 

IG 

9 

2 


No difference can be noted. (The numerical difference of 1.22 
per cent is not statistically tenable. The real difference is t > 0.25, 
t is here = 0.06.) 

It must, however, be emphasized that the absorption of the 
excess liquid ought to be effected immediately and with caution. 


Error Due to the Distribution of the Blood Cells. 

One of the most constantly arising errors in the counting of 
blood corpuscles is that due to their uneven dislribution in the 
chamber. The cells are always found to be unequally distributed. 
The cause of this inequality is at present unknown, in spite of 
many attempts to explain it. 

The question whether the sedimentation rate and adhesion 
between the cells have any influence as regards this source of 
error has been investigated by a number of authors. Both these 
phenomena are dependent on the concentration of the cells and 
are therefore not the same for Avhite and for fed corpuscles. Mean- 
while, the distributional inequality is independent of the celullar 
concentration and is the same for both kinds of cells, also when 
diluted in their respective dilution fluids. Attempts have been 
made to produce dilution fluids with the same specific gravity 
as the erythrocytes by adding different substances, or by reducing 
the sublimate concentration in Hayem’s solution, in order thereby 
to diminish or eliminate the sedimentation rate. This procedure 
has likewise had no influence on the inequality of distribution. 

The mean sedimentation rate for erythrocytes in Hayem’s 
solution is, according to Behrens, about 0.1 mm per minute. The 
filling of the counting chamber can hardly take more than from 
1 to 3 seconds. It is therefore difficult to imagine that the sedi- 
mentation rate during the process of filling would have any effect 
as an »de-miscation factors. 
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A modification of the diluting liquid is therefore not likely to 
lead to a more uniform distribution. 

The question whether the time taken in mixing the solution 
beforehand has any influence on the inequality of distribution 
has been investigated (Buerker). From this investigation it appears 
that the unevenness of distribution is the same, whether the time 
taken for mixing the dilution liquid is 10, 3, 2, or 1 min. Buerker 
therefore recommends mixing for 1 minute before filling the cham- 
ber. In our experiments we have mixed the solution about 
100 times (cautiously, without shaldng), which corresponds to 1 
minute and 40 seconds. 

In the foregoing we have used only the expression »unequal 
distribution in the chamber)), and from the literature it does not 
seem clear wliether the localisation of this uneven distribution is 
systematic or fortuitous. 

Our experiments, however, seem to show that there is a typical 
system in the unequal distribution. It was remarkable to note 
how often we found more blood cells per square in the inner part 
of the chamber. 

The meaning of the designations: inner, outer and central 
will be seen from the following diagram: 



Investigation a) embraces 38 parallel counts in blood in the same 
dilution. There were counted altogether 16 »CD» squares (abt. 
1/800 emm) in each field, respectively inner and outer. The results 
are given in Table 7. 

There is a distinct difference in the results of the counts, with 
a higher number of erythrocytes in the inner part of the chamber. 

Statistical analysis shows a real difference of 16.5 per cent 
(real when t^ 0.085. t is here 0.39). 
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From tliese investigations it may be concluded that there takes 
place a systematic concentration of the blood cells (erythrocytes) 
in the inner half of the counting fields. It can be ascertained 
(visually) that this increase in concentration is greatest at the inner 
peripheral edge of the fields. The same phenomenon has been 
observed on use of several counting chambers. The cause of this 
systematic distribution has not been made clear. 

The practical conclusion to be drawn from these investigations 
is that we must endeavour to adopt a systematic method of 
counting. Taking ever}d;hing into consideration, toe have found it 
most expedient to count diagonally. If, for example, we count 16 
CD-squares in each field, we can in this manner count 12 CD- 
squnres diagonally, and of the remaining 4 CD-squares we then 
ought to select one in the inner, one in the outer and two in the 
central parts of the fields. 

C. Studies of the Dilution Liquids. 

Since the latter part of the last century Hayem’s solution has 
maintained its position as an excellent medium for dilution for 
erythrocytes. i\Ieanwhile, wc found it simpler (as regards the 
technique of preparation) to employ a 0.9 per cent NaCl solution 
for this purpose. The object of the following investigation was to 
compare these two dilution liquids in order to get an idea of the 
suitability of the 0.9 per cent NaCi solution. 

In Investigation a) parallel counts were made immediately 
after dilution of the blood with 0.9 per cent NaCl solution and 
with liayem’s solution respectively. Five different blood-samples 
were employed. 

The results are shown in Table 10. 


Table 10. 


No. 

of 

obs. 

o 1 go 

Diff. 

Diff. in porcontngo 




"o 1 1^0 

cr 1 JIJ w 

Average 

Dispersion 


5, . . , . 

4.20 4.23 

0.01 

0.2 

h 4.8 4.9 

3 

1 

1 


There was here found no difference in number of erythrocytes 
on use of the two solutions. 

Investigation b) concerned the behaviour of the erythrocytes 
after standing for some time in both solutions. 
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During the first 8 hours the results of the counting remained 
the same and unchanged for both suspensions. Afterwards there 
came a slight gradual fall in both cases. 

After 24 hours the average decrease was 6.0 per cent for the 
NaCl solution and 4.4 per cent in Hayem’s solution. 

Thus there was no particular difference between the two dilu- 
tion liquids, and it was found fully admissible to use a 0.9 per cent 
NaCi solution as diluent, at any rate in our investigations, where 
the counts were generally made immediately after dilution. 

It must, however, be added that the strength of the NaCl 
solution shall be exactly 0. 9 per cent, since 0. 8 per cent or 1 per 
cent solutions give varying and sometimes greatly divergent 
results. 

It is also necessary that the NaCl solution should not be too 
old. After a longer or shorter time there regularly comes microbic 
pollution. The NaCl solution is then no longer usable and must 
be changed. 


Summary. 

An account is given of some investigations respecting certain, 
purely technical, sources of error in the counting of erythrocytes, 
which have hitherto received little attention, 

1. On physical measurement of the height of three Buerker 
counting chambers there were found variations in height, iu 
average 8, +4: and -f 3.5 per cent. 

Physical calibration of the counting chambers from time to 
time is recommended, or at any rate physical control examina- 
tion. 

2. Variations in the height of the chambers may occur through 
use of clamps for fixing the cover-glass. 

By use of chambers without clamps it is easier to avoid varia- 
tions in height and easier to obtain Newton’s colour rings of the 
same order. 

3. Absorption of excess liquid from soverfilled)) chambers has 
no influence on the results of the counting. 

4. It is shown that the unequal distribution of erythrocytes 
in the counting fields is systematic, with increased concentration 
in the inner half of the field. 

The cause of this phenomenon, as well as of the distribution 
anomaly, is not clear, but it implies that the counting should 
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be effected in systematic order. »I)iagonal)> counting is recom- 
mended. 

5. A 0.9 per cent NaCl solution is fully equivalent to Hayem’s 
solution for counting within 8 hours after the mixing of the blood 
with the diluent. After 24 hours the number of erythrocytes 
shows a decrease of 5 per cent with use of 0.9 per cent NaCl solu- 
tion and 4.4 per cent when Hayem’s solution is employed. 
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Family Epidemic of Primary Atypical 
Pneumonia, 

By 

OLLE HOGEMAN. 

(Submitted for publication November 20, 1947.) 


During the last ten. years an atypical form of, pneumonia has 
been described in medical literature under such various names as 
acute pneumonitis, interstitial pulmonitis, acute interstitial 
pneumonia, disseminated focal pneumonia, atypical broncho- 
pneumonia and other more or less descriptive titles (1 — 8). This 
form of pneumonia received particular attention during the 
recent war because of its great frequency in allied military camps, 
particularly in the U. S. A., but it bas also been observed else- 
where. Since 1942 this disease has been called ^Primary Atypical 
Pneumonia, Etiology unknown)) as proposed by the U, S. Army 
Commission on Pneumonia (9). During the last two year's this 
form of pneumonia has also attracted great attention in Sweden, 
where the disease has manifested itself both endemically and epi- 
demically (10 — 11). The following is a short report of a family 
epidemic of this disease, preceded by a few notes on clinical 
features and epidemiology of tbe disease. 

As regards distribution, tbe disease seems to occur over large 
areas of the world. In the U. S. A. it increased greatly during the 
war years and it has been calculated that as much as 70 % of 
all cases of pneumonia were to be ascribed to this group (12). 
The first Swedish communication concerning this disease was 
published in 1945 and thereafter cases were diagnosed generally 
throughout the country during the latter half of 1945 and in 1946, 
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whereas in the spring of 1947 it seems to have been rare. The 
reason for this increase in incidence at the turn of the year 1945 
1946 and the period immediately following is obscure, it is pos- 
sible, however, that there may have been some connection with 
a widespread influenza epidemic rvhich occurred at that time. 

The etiology of the disease is still completely unknown in 
spite of the great efforts which have been made to demonstrate 
a causal agent. The common pneumonia bacteria are absent and 
since the illness shows certain clinical characteristics which point 
to its being a ^drus disease, efforts have been made to isolate the 
suspected Aurus (13—15). Certain known viruses may cause pneu- 
monia of a type which clinically is indistinguishable from atypical 
pneumonia. This is particularly true of influenza A & B, the 
psittacosis- or ornithosis virus, the virus of lymphogranuloma 
venereum, the meningo-pneumonitis virus, as well as special 
Rickettsiae and fungi, and attempts were made to demonstrate 
and cultivate these in long series, but on the whole with negative 
results (16 — ^20). 

For the greater proportion of atypical pneumonia cases none 
of the mentioned agents can be held etiologically responsible, 
nor can the indifferent streptococcus (Rockefeller strain No, 344) 
which has been successfully isolated from some patients suffering 
from atypical pneumonia (21). Intensive research was carried 
out by the TJ, S. Commission on Acute Respiratory Diseases (22) 
to establish the cause of the infection: health)’’ volunteers were 
inoculated with the sputa and throat washings from j)atients with 
atypical pneumonia. Three different inoculates were used: 1) un- 
treated, 2) Seitz filtrated 3) auto-claved. The inoculate was ad- 
ministered by spraying in synchronization with deep inhalation. 
Results showed that administration of untreated and filtered 
inoculate produced infection with atypical pneumonia in three 
of the volunteers out of each group (there w'ere 12 in each grouj)), 
rvhile on the other hand all those treated with auto-claved ino- 
culate remained healthy (18 individuals). In the first two groups 
minor respiratory ailments of an undifferentiated type preceded 
atypical pneumonia in nearly 40 %, while among those treated 
with auto-claved material merely one shorved such symptoms. 
From these ini^estigations it has been concluded that the agent 
is a filtrable virus \vhich is, how’ever, destroyed by autoclavation. 

The disease occurs both endemically and epidemically and 
especially attacks young people and children. It is probably 

30 — A82nA. Ada mod. scandinav. Vof, CXXXI. 
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spread by aerial infection but there are indications that infection 
by direct contact from person to person also occurs (11). Ob- 
viously not all infected persons show the clinical picture of atyp- 
ical pneumonia, many merely exhibit light catarrhal symptoms 
and they can thus, in their turn, spread the infection. Exposure 
to damp and cold is regarded by Dingle (22) as a predisposing 
factor in about 50 %. There are indications that other factors 
such as foodstuffs, milk, water, and insects are also responsible 
for spreading the disease (23). 

The clinical picture of atypical pneumonia differs in several 
respects from that of pneumococcus pneumonia. The disease is 
usually not very acute but most often passes off after a few days 
with symptoms concentrated in the upper respiratory tract. 
Physical signs of pneumonia are unusual and are often in marked 
contrast to the radiograpliical changes which have the character 
of a consolidation radiating from the hilar region. A strong effect 
on the general condition is less usual than in the case of pneu- 
mococcus pneumonia, pleuritic pain is likewise, absent (central 
pneumonia), cough is non-productive or productive, and even 
staining of the sputum is common, and persistent coughing may 
in fact often be the patient’s greatest subjective complaint. This 
explains also why the most common complication in this form of 
pneumonia, according to Middleton, are fractures of the ribs 
(cough fractures) (24). Other complications are rare. Temperatures 
vary, they may be very high and often persist for a long time up 
to several weeks and then fall as a rule by lysis. Among the more 
important laboratory tests it may be stated that leucocytosis 
is not usually present; a value of over 10,000 was found in only 
1/3 of the cases. The sedimentation rate is as a rule high. As a 
further difference from the ordinary pneumococcus pneumonia 
we should note the resistance to specific chemotherapy, such as 
the sulphonamide group and penicillin. 

In the diagnosis of atypical pneumonia the cold-agglutination 
described by Turner and his collaborators has played an impor- 
tant part (25). Here in Sweden Lofstrom, Laurell, and Hedlund 
(10) were the first to draw attention to this reaction, but as they 
point out in their publication this is not a necessary phenomenon. 
In various American reports figures are given as varying between 
30 — 70 %. The fact seems to be that the higher a patient’s tem- 
perature or the longer it lasts, the greater is the chance of a posi- 
tive agglutination in the later period of the illness. A value above 
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1/S must be regarded as pathological; but more important than a 
single pathological value is the mounting titration value from 
the first to the second ■weelv. It is very important that the person 
performing these tests should take all technical precautions and 
inter alia use fresh 0-erythrocytes, small amounts of er}dihrocytes 
etc. 

The epidemic which will be described below happened on a 
large estate some kilometres from Stockholm. The family con- 
sisted of the owner and his wife, a married son, four unmarried 
daughters and an old housekeeper. All the members of the house- 
hold became ill with the exception of the father and the old house- 
keeper; on the other hand, although the wife fell ill, the symp- 
toms were much milder in her case than in the case of the others. 
It started with the return of the son (1. J. 0. C.) Avho arrived home 
at the end of July from a visit to Denmark, where he had studied 
agricultui-al methods for a few weeks. About July 20th he had 
paid a visit of a few days to a large jioultry farm where all lands 
of birds were kept. He could not say that he had intimate contact 
Muth these animals, but he had thoroughly studied arrangements 
for their feeding, housing, fencing-in etc. For the rest of his stay 
in Denmark he can not remember having been in contact with 
anybod}' who was ill or )>had a cold», nor had he heard of any 
epidemic of colds at that time. He arrived home in Sweden on 
August 1st and fell ill on the 6th Avith a feeling of general las- 
situde, coughing and fever. He Avas treated at home for about 
a AA-eek, confined to bed and giAmn sulphonamidcs because of 
suspected pneumonia but there AA'ere no physical indications for 
this diagnosis. As hoAA'CA^er in spite of this treatment the tempera- 
ture still rose and the general condition of the patient deterio- 
rated, he Avas admitted to the LoAA’cnstromska Lasarett on August 
12th. During his stay at home he Avas nursed by his Avife (2. B. C.), 
Avho fell ill Avith the same symptoms as her husband on August 
21st. On August 23rd a sister (9. Ch. C.) and the mother (3. B. C.) 
became ill in the same manner, though the mother, as has already 
been mentioned, only A’^ery slightly. 

The day after the brother fell ill, the three younger sisters left 
home and returned only some days after he had been admitted to 
hospital. About a fortnight after the mother (3) and the elder 
sister (9) AA’cre taken ill, the other sisters also succumbed in the 
folloAA-ing order: one on September 7th (5. B. I. C.), one on Sep- 
tember 11th (4. A. C. C.), and one on September 15th (G. I. C.). 
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Tab. I. 



C~a.: Coldo^^ lutinoiion (ov^r '/s). 
Ch-i.-. Chemoihcrapy (effect). 


The disease ran in the main the same course in every case. 
Tab. I shows the temperature curves with the fesults of X-ray 
examinations and the most important laboratory tests. Only in 
one case (10. I. S.) were the leucocytes higher than 10,000 (only 
the maximum value of several tests is given in the table), in all. 
other cases the number of leucoc}i;es was normal or only slightly 
increased in spite of continued and high temperatures. Inci- 
dentally, except for the mother, all patients showed a high sedi- 
mentation rate. None of the patients was particularly strongly 
affected, but a common feature of all cases was the strong irrita-. 
tive cough which in some cases was extremely difficult to control. 
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This minor epidemic in many respects ' recalls the inoculation 
experiments which were discussed by way of introduction. Of 
the 10 persons who fell ill 7 had distinct radiographical signs of 
pneumonia (in two cases no X-ray examination was made), 
little or no leucocytosis, a high blood sedimentation rate and an 
incubation period of about 14 days. In the cases where chemo- 
therapy had been resorted to, this remained without apparent 
effect. Tests for cold-agglutinin were carried out on all patients 
except the mother (3. B. C.), but this test for agglutinin reaction 
was made in the early stages of the disease. Only in four cases 
was it carried out after 8 — 10 days and in 2 of these it was posi- 
tive (over 1/16). 

The fact of the first patient’s close contact with poultry, the 
highly infectious nature, the low percentage of positive cold- 
agglutinins and an incubation period of about 14 days suggested 
the possibility of its being a psittacosis infection. But two factors 
told against this diagnosis; 1) in cases of psittacosis pneumonia 
the mortality is reported to be very high — 20 — 50 % — and 
even in those cases which recover the illness takes a far more 
violent course and is more protracted than in the present epi- 
demic where the prognosis was very favourable, 2) the test for 
cold-agglutinin in psittacosis is usually negative. As, however, 
Dr. Frank Horsfall was visiting Sweden at the time of the epi- 
demic, he was consulted and he Idndly consented to take sera from 
our patients with him to America for further analysis. Sera were 
therefore procured from patients 1 — 8, from which number only 
6 and 6 were still ill, the rest were in a more or less advanced stage 
of convalescence. The result of the serological tests executed by 
Dr. Harald Ginsberg in the Rockefeller Institute in New York 
are reported separately in the following paper (26). 

The epidemic shows very clearly that patients with atypical 
pneumonia must be regarded as highly infectious and should be 
isolated. This is particularly so where there are grounds for as- 
suming, as in the present case, that the factors for immunity are 
similar both for the patient and his environment. A further les- 
son is that the diagnosis of atypical pneumonia must not be 
based on the outcome of the tests for cold-agglutinin alone, but 
in this case, as in general, it is the clinical picture, the course of 
the disease together with exhaustive serological tests which 
should be decisive. 
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Suinmary. 

After a short recapitulation of the etiology, epidemiology, and 
clinical picture of primary atypical pneumonia an isolated family 
epidemic is described in which all members of the family except 
two elderly persons succumbed. In the hospital where the patients 
were cared for, a nurse contracted the disease and a second nurse 
and a doctor fell ill with minor respiratory illness of undifferen- 
tiated type. On the grounds of certain peculiar features of this 
epidemic the possibility of psittacosis is discussed (see following 
paper). Isolation of the patients is recommended as well as ex- 
haustive serological tests before diagnosis is made. 
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In the preceding paper (1) the clinical picture of a small family, 
epidemic of pneumonia of a somewhat unusual form is described. 
Among the recognized disease entities wliich may be responsible 
for such a localized outbreak arc: 1) primary atypical pneumonia; 
2) influenza A or B; 3) psittacosis (or ornithosis); 4) Q fever (or 
Riclceltsia hunieti pneumonia); and 5) lymphoc}’tic choriomenin- 
gitis. It is the purpose of this paper to describe the serological ■ 
studies which were carried out with sera from these patients in 
an effort to establish an etiological diagnosis. It will be shown 
that the results obtained indicate that the disease was primary 
atyi^ical pneumonia. 

Materials and Methods. 

Serum. Serum specimens obtained from 8 patients in Sweden 
were brought to this laboratory by air plane. The sera were 
made available through the courtesy of Dr. Jan AValdenstrom, 
Upsala, Sweden. The sera were stored without preservative at 
4° C. 

Cold hemagglutination. Serial twofold dilutions of unheated se- 
rum, ranging from 1 : 10 to 1 ; 1280 in 0.85 per cent NaCl, were 
prepared. To 0.4 ml of each serum dilution an equal quantity of 
a freshly prepared 1 per cent suspension of human group 0 red 
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blood cells was added. The tubes were allowed to remain in the 
refrigerator at 4° C. for 16 — 18 hours. The results were read in the 
cold, and the titer was taken as the final dilution of serum in 
which definite clumps of agglutinated red blood cells could still 
be observed after gentle shaldng (2, 3). The racks were then 
allowed to remain at room temperature for 2 hours or in an in- 
cubator at 37.0° C. for 30 minutes to observe the disappearance 
of the agglutination. It must be emphasized that sera for this 
test should be collected by allowing blood to clot and separate 
at room temperature. If the clotting of the blood is allowed to 
take place at icebox temperature, the cold hemagglutinins will 
be adsorbed onto the red blood cells and thus will be removed 
from the serum. 

Streptococcus MG agglutmation. The agglutination tests with 
streptococcus MG were performed as described by Thomas et al. 
(4). Bacterial suspensions were prepared from 18-hour broth 
cultures of the microorganism. The bacterial cells were washed 3 
times in 0.85 per cent NaCl, suspended in sufficient saline to give 
a turbidity approximating No. 5 in the McFarland scale, and 
Irilled by heating at 65° C. for 1 hour. Merthiolate in a final con- 
centration of 1 ; 10,000 was added as a preservative. Serial two- 
fold dilutions of unheated sera were made, ranging from 1 : 6 to 
1 : 640. To 0.4 ml of each serum dilution was added an equal 
volume of the streptococcal suspension. The tubes were allowed 
to remain at room temperature for 16 — 18 hours. The agglutina- 
tion titer was taken as the highest final dilution of serum in which 
there could be observed by the unaided eye definite bacterial 
clumps when the tubes 'svere shaken. 

Hemaggluiinaiion-mhibition with influenza viruses. Antibodies 
for influenza viruses were determined by the agglutination- 
inhibition technique (5). The PR8 strain of influenza A virus 
and the Lee strain of influenza B virus were used. One or the 
other virus was inoculated into the allantoic sac of 11-day chick 
embryos and, after incubation at 38° C. for 48 hours, the allantoic 
fluid was removed and its hemagglutination titer determined (6), 
Serial twofold dilutions of serum which had been heated at 56° C. 
for 30 minutes were made, and to 0.2 ml of each serum dilution 
was added an equal volume of infected allantoic fluid diluted 
sufficiently to yield a final concentration equivalent to 8 ag- 
glutinating units of virus. To each tube was then added 0,4 ml 
of a fresh 1.5 per cent suspension of chicken red blood cells. The 
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tubes were allowed to remain at room temperature for 1 hour, 
and the titer was read as the final dilution of serum in which 
no definite hemagglutination could be demonstrated. 

Complement fixation tests. The technique for the complement 
fixation tests was the same in each instance, the only variable 
being in the preparation of the antigen used. The source of com- 
plement was a pool of serum from at least 6 normal guinea pigs, 
which was kept frozen at — 70° C. in the COo ice chest between 
tests. Serial twofold dilutions of inactivated sera 0.25 ml volume 
were made, and to each was added 2 full units of complement 
diluted in 0.5 ml of saline containing MgCL, 0.15 mg per ml (7) 
and, finally, 0.25 ml of the desired antigen. The tubes were then 
placed in a 37° C. water bath for 30 minutes, following which there 
was added 0.25 ml of anti-sheep red blood cell hemolysin diluted 
1 : 1000, i. e., 2.5 hemolytic units, and 0.25 ml of a 3 per cent 
suspension of fresh sheep red blood cells. The tubes were again 
placed in the 37° C. water bath for 30 minutes. The titer was read 
as the final dilution of serum in which no hemolysis occurred. 

a) Psittacosis virus. The 6BC strain of psittacosis \drus, adapted 
to the allantoic sac of the chick embryo in this laboratory, was 
used for the preparation of antigen for the complement fixation 
test. Undiluted allantoic fluid containing psittacosis virus was 
inoculated in 0.2 ml quantity into the allantoic sac of 10 or 11 
day chick embryos through successive passages until an infec- 
tivity titer of at least 10~® was obtained. The virus was titered 
for infectivity by means of intracerebral inoculation of Swiss mice 
with 0.03 ml of each dilution. Elementary bodies could be de- 
monstrated in the allatoic fluid of each egg passage as well as 
in the brains of infected mice. Pooled allantoic fluid was centri- 
fuged in an electrically driven high speed angle centrifuge (8) at 

13.000 R. P. M. for 30 minutes. The supernatant fluid was dis- 
carded. The sediment Avas resuspended to one-half the original 
volume in 0.85 per cent saline at pH 7.1 and placed in an Arnold 
sterilizer at a temperature of 100° C. for 30 minutes. This antigen 
preparation was stored at 4° C. until required. 

b) Lymphocxjtic choriomeningitis virus. The AV. E. strain of 
lymphocytic choriomeningitis virus Avas used in the preparation 
of antigen. A 10 per cent suspension in broth of an infected guinea 
pig brain Avas inoculated into 2 guinea pigs, 0. 1 ml intracerebrally, 

1.0 ml intraperitoneally, and 1.0 ml subcutaneously. The pigs 
Avere killed at the height of their illness on the 6th day, and a 10 
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per cent supension of infected brain and spleen passed into 3 
guinea pigs by tbe same routes and in tlie same dosages. They were 
likewise killed on the 6th day and the antigen was prepared from 
the infected spleens as described by Smadel, Baird and Wall (9). 

A 10 per cent suspension was made in physiological saline solution 
containing 2 per cent normal guinea pig serum previously heated 
at 56° C. for 30 minutes. Coarse particles were removed by centri- 
fuging at 2,600 R. P. M. for 5 minutes. The supernate urns further 
centrifuged at 16,000 R. P. M. for 90 minutes in the high speed 
concentration centrifuge. The clear claret-coloured supernatant 
fluid was carefully separated from the floating lipid material, and 
then passed through a Seitz filter previously prepared with phys- 
iological saline solution containing 2 per cent inactivated normal 
guinea pig serum. The antigen ivas then stored at 4° C. for at least 
14 days before being used. 

c) Q Fever Rickettsiae. A purified ether-extracted suspension of 
rickettsiae, prepared from chick embryo yolk sacs infected with 
the Henzerling strain of Q fever organism was used. This antigen 
was prepared (10) and Idndly supplied by Dr. Joseph E. Smadel 
of the Division of Virus and Rickettsial Diseases, Army Medical 
School, Washington, D. C. 

Experimental Results. 

Each of the serum specimens was tested by the several serolog- 
ical procedures described above. The results of all the tests are 
presented in Table I. It is readily seen that the only significant 
diagnostic results ivere obtained in the tests for agglutinins against 
streptococcus MG and for cold hemagglutinins. In cases 1 and 6 
there was demonstrated a rise in the titer of agglutinins for strep- 
tococcus MG in the convalescent sera. Similarly, in case 6 there 
was demonstrated an increase in the titer of cold hemagglutinins 
in the serum obtained on the 18th day of illness as compared to 
that obtained on the 3rd day of the disease. In cases 4 and 5 
there was observed a significantly high titer of cold hemagglu- 
tinins in sera obtained on the 44th and 26th days after onset, re- 
spectively. With the convalescent serum of case 5 there was also 
a significantly high titer of streptococcus MG agglutinins. It is 
unfortunate that sera obtained during the acute phase of the 
disease were not available from each of the patients. 

The results of the hemagglutination-inhibition tests 'With in-,- 
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Besults of Serological Studies on Patients with Primary 
Atypical Pneumonia. 


Case 

No. 

Day 
after 
onset of 
disease 

Agglutination 

Complement 

fixation 

Hemag- 

glutination 

inhibition 

Group 0 
erythro- 
cytes 

4° C. 

Strep- 
tococ- 
cus MG 

Psitta- 

cosis 

virus 

Q fever 
Rickett- 
sia 

Lympho- 

cytic 

chorio- 

menin- 

gitis 

virus 

Influ- 
enza A 
virus 

Influ- 
enza B 
virus 

1 

44th 


10* 

<4= 

< 4= 

< 8= 

256‘ 

16> 

J> 

bSth 

40 

40 

<4 

< 4 

< 8 

256 

16 

9 

43th 

< 10 

h 

8 

< 4 

< 8 

256 

128 

3 

42 nd 

< 10 

5 

<4 

< 4 

< 8 

128 

32 

4 

24th 

100 

- 5 

< 4 

< 4 

< 8 

128 

128 

5 

26th 

so 

so 

<4 

< 4 

< 8 

128 

64 

G 

3rd 

< 10 

<b 

<4 

< 4 

< 8 

128 

128 

A 

18th 

so 

40 

<4 

< 4 

< 8 

128 

64 

7 

? 

< 10 

<b 

<4 

< 4 

< 8 

256 

64 

s 

9 

<10 

<0 

<4 

<4 

<8 

256 

128 


fluenza A and B viruses, although showing evidence of the pres- 
ence of antibodies against these viruses, did not show sufficiently 
high titers to indicate that recent infection with either virus had 
occurred. There was also no rise in antibody titer in the convales- 
cent sera over that found in the acute phase serum from one 
patient. It is now Avell established (4, 11, 12) that healthy persons 
with no recent history of an influenza-like infection often possess 
serum antibodies against influenza viruses. 

The results of the complement-fixation tests indicate that the 
pneumonia in these patients was not caused by psittasine or 
lymphocytic choriomeningitis viruses or b)^ Rickettsia burneti, the 
etiological agent of Q fever. 

Discussion. 

The clinical similarity of those forms of pneumonia which are 
caused by different non-bacterial agents has been noted by numer- 
ous investigators. It is for the purpose of distinguishing among the 
specific diseases which are known to be caused by recognized vi- 

^ Reciprocal , of tto final scrum dilution. 

’> “ » . before addition of hemolytic system, 

liters which are italizxd are considered to be significant. 
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ruses and nckettsiae and differentiating them from the syndrome 
called primary atypical pneumonia, that the laboratory proce- 
dures described have proven useful to the clinician, the epidemi- 
ologist, and the ^^rologist. 

The type specific non-hemolytic streptococcus, designated 
streptococcus MG, was initially isolated in this laboratory from 
the lungs of a fatal case of primary atypical pneumonia. Subse- 
quently it was demonstrated in the lungs of 5 other fatal cases as 
well as in the sputum and throat swabs of many patients with 
this disease (13). Agglutinins against this microorganism, in a 
titer of 1 ; 20 or higher, are present during convalescence in serum 
from approximately 50 per cent of patients with this disease (13 
— 17). Such antibodies are found only rarely in acute phase sera 
or in sera from patients ill with other infectious diseases. 

Agglutinins develop not only against the encapsulated bacterium 
as already described, but against non-encapsulated variants as 
well (13, 18). By other immunologic technics there can likewise 
be demonstrated precipitins against the type specific capsular 
polj^saccharide, capsular swelling of the microorganism with pa- 
tients’ sera, and positive skin reactions on intradermal injection 
of the capsular polysaccharide into convalescent patients. There 
is not only a positive correlation between the frequency with 
which antibodies against streptococcus MG develop and the 
severity of the illness, but there is also a similar relationship be- 
tween the duration of the disease and the height of the antibody 
titer (13, 14, 16). 

The significance of the relationship of streptococcus MG to 
primary atypical pneumonia is not at all clear, and will probably 
remain uncertain until the causal agent or agents of this disease 
are definitely’ established. Thomas ct al. (13) have suggested the 
following possibilities: 1) This microorganism may he merelj'^ a 
secondary bacterial invader; 2) it may possess a purely coinci- 
dental antigenic relationship to the causative agent or agents as, 
for example, do members of the B. proteus group to various 
rickettsiae; or 3) it may act alone or together with some other 
infectious agent in the pathogenesis of the disease. At the pres- 
ent time the available e^ddence is insufficient to indicate what 
role this non-hemol}d;ic streptococcus may play in primary atyp- 
ical pneumonia. , , 

Peterson, Ham, and Pinland (19), as well as Turner (20) noted 
the occurrence of agglutination of human erythrocytes in the cold 
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with sera of patients having primary atypical pneumonia. Their 
findings have been confirmed and the significance of the reaction 
has been studied by a number of investigators (21— 25).^Cold 
hemagglutinins appear in the sera of approximately 50 5o per 
cent of patients with primary atypical pneumonia and occur in 
other diseases only rarely. They are first demonstrable in a signifi- 
cant titer usually about the 7— 10th day after onset and usually 
reach highest titer between the 14th and 21st days. The agglu- 
tinin titer drops fairly rapidl)’’ after reaching its maximum so that 
it may be significantly lower between the 3rd to 5th weeks. A 
titer of cold hemagglutinins of 1 ; 40 or higher is considered sig- 
nificant in this laborator)'. The presence of cold hemagglutinins 
and their titer are in general directly related to the severity or 
duration of the illness. Unfortunately, in patients who have only 
a mild illness, their presence u-sually cannot be demonstrated 
(15, 21). 

Present e^ddencc suggests that cold hemagglutination is jirob- 
ably a non-specific serological reaction; no satisfactory explanation 
for it has been proposed. In some respects it may be similar to 
the non-specific complement fixation reaction which is obtained 
with various lung tissue antigens in this disease as demonstrated 
by Thomas et aJ. (20). It should be pointed out, lio waver, that 
these two reactions are mediated by different components of serum. 
The occurrence of hemolytic anemia (21, 27, 28) is the chief com- 
plication in primary atypical pneumonia associated with tlm un- 
usual presence of extremely high titers of cold hemagglutinins. 


Summary. 


The laboratory procedures Avhich were employed in the study 
of sera from 8 patients, each of whom had an unusual form of 
pneumonia of undetermined etiology, are described. The results 
obtained indicate that 4 patients possessed cold hemagglutinins 
in significant titer, while 3 patients possessed antibodies against 
streptococcus MG in significant titer. IVitli the single patient 
from whom acute phase and convalescent sera were obtained a 
significant increase in titer of both cold hemagglutinins and 
streptococcus MG agglutinins was demonstrated. These results in- 
dicate that this small family epidemic may be identified as pri- 
mary atypical pneumonia. 
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Although allergic aud immunitary reactions for tuberculosis 
have been the object of several studies, they have not yet been 
entirely considered in all their possible clinical applications, as 
we have not reached definite and clear conclusions on their diagnos- 
tic and prognostic significance on the function of tubercular anti- 
bodies, on the relationship between allergic and immunitary 
manifestations in the tubercular infection. 

The researches on clinical cases have cleared many uncertain- 
ties and have somewhat dissipated the skepticism of the most part 
of investigators and physicians regarding the significance of aller- 
gic and immunitary reactions in tuberculosis. Notwithstanding 
the help of the most perfect diagnostic methods the accurate 
clinical investigation cannot go beyond a certain limit, it cannot 
offer to the direct observation the dynamism of the cellular 
reactions; it leaves some uncertainties in the interpretation of 
the immunitary mechanism, which can be filled only by presump- 
tive hypothetical postulations. 

1 This work has been carried out with the technical and financial support of 
the Centre for experimental Kesearches on Prophylaxis and Therapeutics of tie 
infections diseases, by the University of Florence. 

" Viale Gadorna 13, Plorenc, Italy. 
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reactivity after its first appearance generally increases in the 
following days reaching its maximum about 4 weeks after, and 
then decreasing more or less rapidly till the death of the animals 
(according to the virulence of the infecting strain). 

The absolute intensity of the intradermal test (or father the 
threshold of sensibility) is lower in animals sensitized with non 
virulent bacilli. 

As for the morphology of the tuberculin test already the first 
researches of Koch showed that while in normal guinea-pigs 
subcutaneously injected bacilli give rise after several days to an 
abscess usually degenerating into a persistent ulcer with regional 
adenitis causing the death of the animal, in tubercuhnized guinea- 
pigs a few hours after the inoculation inflammatory oedema ap- 
pears causing a rapid formation of a scar and subsequent recovery 
after a few days, even before the lymph gland could react. (Koch’s 
phenomenon.) 

Several investigators have studied the duration of the preaUer- 
gic period in animals infected with Koch bacilli of different strains 
and virulence. Thus when in the histopathological picture of 
human and experimental tuberculosis were recognized different 
well defined evolutive stages, it was tried to identify these stages 
as an equivalent to the parallel development of the allergic im- 
munitary state of tubercular infected organism [i. e.: the classi- 
fications in correlation with the three Bank’s stages). 

Later numerous researches were carried out in several medical 
and biological Institutes (Rockefeller Institute for Medical Re- 
searches, Rorlanini Institute, Davos Sanatorium) with the aim to 
investigate 

1) Whether, although toxicity and virulence are certainly a 
property only of alive bacilli, the sensibilizing {i. e. the capacity 
to produce the allergic reactivity in the tissues) can subsist 
without any reference to bacillary virulence. 

2) "Whether it is possible to identificate in the bacillary bodies 
or in their culture medium any chemical fraction particularly able 
to stimulate; the production of different types of tuberculous 
granuloma (Sabin, Doan and co-workers, Omodei-Zorini, Daddi, 
Roulet and co-workers). 

It was then possible to extract from the bacillary bodies, a 
phosphatide which was able to reproduce the specific granuloma 
in animals (Roulet); its stimulating power would be more 
precisely referred to fatty acids (Tuberculo-stearic an ptyoic 
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,v.,ici> tnke part i„ the Brolecular structuxe of tlus 
plioppliatide. -n-nrl-npr in. the tubercular 

in the giant and epithelioid cells, i. e. 

TVf.r/' the bacilli bodies are mostly found. 

The experimental inoculation of the phosphatide partagen ^as 
„ot nWo to sonsitiEC the sldns of the ommals to the taberct. ar on- 
iitrcns, but produced a miliary tubercle dissemination m the 
visceral and lymphatic organs; the tubercles urere mostly formed 
of giant and epithelioid cells; and the blood picture shoured in the 
same time a marked increase of the lymphocytes/nionoc3i;es ratio. 

This ratio (already recognized in the preagnostic significance 
and its inmost essence by earlier clinical observation) appeared 
thus undoubtedly as the logical equivalent of outspreading of 
tuliercnlar toxins and therefore a sign of unfavourable prognosis. 

Also in the interesting researches carried out by Birkhaug 
on the tubercular allergy and immunity it is experimentally pointed 
out that tlie rising of the monocytes in the blood picture is the 
first plieripheral phenomenon of vdrulence, to "which suddenly 
follows a decrease of lymphocytes. The lymphocytes/monocytes 
ratio decreases proportionally to the severity of the infection. 

Tlierefore in experimental tuberculosis Birkhaug observed the 
least marked decrease of the aboA’^e mentioned ratio in the pre- 
viously vaccinated or later A^accinated and desensitized (yatergic) 
guinea-pigs. 

-Is a matter of fact the animals treated Avith phosphatide part- 
igens the organs of which were Avidely inA'aded with specific epi- 
thelioid granuloma submitted to infection with Aurulent bacilli 
were much less resistant than untreated control animals. 

A rise of specific resistance instead was noticed in animals after 
treatment with killed or attenuated germs; it was in this manner 
possible to produce in the animals specific skin sensitisation vis- 
coral granubmata of a mostly lymphatic or fibroas type, ieotease 
of the monocytes/lymphocytes ratio ia tie peripheral blood. 

A less marked agaificance in the pathogenesis of the tnber- 

WAT la ^o'iies or from their culture media The waxes 
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pigs, they acted not in a toxic hut in a sensitizing way. The sen- 
sibilization in any way was an anaphylactic one. The purified 
proteins were namely not able to produce either allergic reactivity 
of the skin or immunizing antibodies against the tubercular toxins 
(Birkhaug). 

The polysaccharide fraction would be scarcely toxic and only 
in animals with diffuse tuberculosis; their antigenie power, so far 
not recognized, has been lately confirmed by Daddi. 

Summarizing, the researches so far accomplished showed that: 

1) The histopathological results of experimental tuberculosis 
may be considered as the right morphological equivalent of those 
immunitary processes of which the specific allergic reactivity is 
based; in fact their occurrence, intensity and development are 
closely connected with the concurrent serum immunological re- 
actions showing the immunitary defence of the infected animals. 

2) Together with the immunitary factors another fundamental 
element determining the development of the specific granuloma 
is the bacterial charge (number and virulence of infecting bac- 
teria). 

3) In case of weak allergic reactivity and elevated bacterial 
charge the specific toxins (and particularly the phosphatide frac- 
tion) impregnate the connective tissue cells (which assume the 
typical epithelioid or giant cell aspect), the skin allergy is deficient 
or absent and the disease shows a fast and spreading evolution. 

In case of strong allergic reactivity and deficient bacterial 
charge, the bacillary toxins are able to infiltrate the connective 
tissue-cells (they are namely scarcely produced from the germ) 
or are nearly completely neutralized by the prevalent defensive 
capacities of the infected tissues; the connective tissue reaction 
appears, as in all chronic infections, as a lymphoid and sclerotic 
one; the skin allergy is marked; the bacterial foci gradually become 
isolated and circumscribed by tbe connective tissue reaction, 
the whole process tends therefore to improvement. 

The last mentioned conclusions summarize the main points of 
oni knowledge; i. e. the relationship between the pathological 
picture and the immunitary allergic phenomena, as resulting from 
researches on experimental tuberculosis; the limits ainongst the 
referred possibilities are not practically so clear cut owing to the 
presence of all those intermediate stages which can result from the 
variable rate of immunitary reserves on one hand and bacteria 
charge on the other. 
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Data have also been accumulated 
beWeen the presence of circulatmg f ^ 

of tie 0. P. E. are rather cootadictory which 
missing evaluation and standardization of the C. F. K for tu c 
culosis that is usually differently executed and interpreted b) Die 
various investigators. For instance while Richter and Lur.'-c using 
IFassermann antigen obtained 100 % positively in bovine tuber- 
culosis, Wendt obtained positive results also in healthy aniinnls 
(post-mortem control), Luese on the other hand obtained negatne 
reactions in infected rabbits, guinea-pigs and birds. 

Hruska and Pfenniger found C. F. R. positive in 85 % of in- 
fected oxen especially in the widely disseminated forms; Broc(] 
and Rousseau and co-workers found 95 % positivity in infected 
oxen, particularly intensive reactioms in purulent and caseous 
forms. 

Also in healthy oxen are to be found with a certain frcrpiency 
(2.2 %) C. F. antibodies in the blood according to llru.‘:ka and 
Pfenniger more often (11.1 %) according to Panisset and Verge, 
Considerably more specific results wore obtained iiustead in 
tuberculous dogs (Verge and Urbain). The ox])erimontal re- 
searches of Nagel on different groups of vaccinated and succos- 
sively superinfected animals came to unsatisfactory conclusions 
as far as the diagnostic value of the C. F. R. is concerned. The 
C. F. R, executed (with Witchslcj’ s and Ivlingeii.stoiu'.s autioon) 
were in fact, according to Nagel, scarcely .specific and varioudv 


ijuarceiy spccnic ana variouqv 

correlated with anatomical picture of the’ disease. More effect ivo 
results were obtained by Satta and Buonomini indejiendentlv 
by the bacterial charge, positive C. F. R. appeared onlv conso’- 
quontly to the development of the fir.sfc iuflammatorv reactions 
of he tissue, at any rate in those animals that showed rather wide 
spread anatomical involvement and efficient defensive power 

Remg the tubercular focus a circumscribed one the 0 1- R • 
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in guinea-pigs, are sometimes frustrated by the interference of 
anticomplement power in the blood serum (Nagel). 

Conclusively, our knowledge on tbe significance of the C. F. E. 
for tuberculosis are still rather incomplete and often disagreeing 
each other; the anatomical basis, which the appearance of C. F. E. 
can be referred to is practically unlcnwon. 

As regarding the prognostic significance of the circulating 
antibodies, it is generally supposed that their occurrence indicates 
the evolutive tendence of the diseases. Amongst the diagnostic 
tests for tuberculosis (sldn allergy, C. F. E., opsonic index, enzynae 
reaction etc.), only the first is able to give a faithful estimation of 
the specific resistance against tuberculosis as resulted from the 
congruous investigations conducted by Mazzetti and co-workers, 
being the antitubefcular resistance calculated stud 5 dng the survival 
rate of the animal and on their capacity to destroy more or less 
rapidly the circulating injected bacilli. 

Experimental Materials and Methods. 

In order to arrive at definite conclusions about the signifi- 
cance of both tissue and blood antibodies and their reciprocal inter- 
relations, in the singular stages of experimental tuberculosis, we 
searched concomitantly in our experimental animals the con- 
current modifications of weight, of sldn allergy, of the circulating 
antibodies and through periodical investigations, the correlated 
different aspect of the concomitant anatomical evolution of the 
disease. 

We paid attention that the infecting bacillary dose was small 
enough to prolong as much as possible the course of the disease. 

We selected guinea-pigs coming from the same breed, of the 
same age and weight and avc grouped them in five lots each of 
10 animals of the same sex. 

All animals received the established bacterial charge consist- 
ing of highly diluted sputum (1/1000 — 1/10000), previously 
recognized as containing a large amount of bacilli of human 
tuberculosis. 

The groups of guinea-jiigs were injected subcutaneously in the 
left thigh with 1 ml of 1/10000 dilution of bacterial suspension; 
two groups were injected intratracheally with 0.1 ml of 1/1000 
diluted bacterial suspension. In this way each animal, subcu- 
taneously or intratracheally infected, received the same amount 



491 


tuberculin test and serum antibodies. 



On fhp abscfSSff’^ fbe In w-tfla frony intechon ~ 

On fbfi ordinates elierqomctric %‘ntnvi (/•pap /O nm.; /j • 

JU 1 50 mm, rtc.) and rale of srritm anfitoo'ies (Jt .///. */>>'') 

/! : pos. dll. Il/t pcs. dtl. yis etc.) On the feft i sr^t/e m H 

weight of the animate 


of tubercle bacilli, i. c. a constant infecting charge of about oO 
bacilli as resulted from the count of Petragnani culture inediuin 
inseminated ivitli the same amount of bacterial .sus]>ension that 
M’as used for the experimental infection of one animal. 

We followed the course of the disease in the .succession of dif- 
ferent stages observing aspect, weight and also the anatomieai 
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evolving of the disease as resulting from weekly post-mcrtem 
control of the singular animal of one group. 

Concomitantly we executed weekly an intradermal tuberculin 
test in each animal and we evaluated the local reaction 48 hours 
after the injection, observing also the rate of the reaction on the 
basis of the extent of the external reaction or of the highest tuber- 
culin dilution able to induce a reaction; as antigen we used purified 
proteins (M. D. C., prepared in the Forlanini Institute). 

The C. F. R. was also practised rveekly in the blood. Some trials 
to determine the presence of C. F. antibodies in organ extracts 
were unsuccessful owing to their strong anticomplement power. 


Resnlts. 

Notwithstanding the very scarce infecting material charge not 
even a single animal is spared from contracting tuberculcsis. 

Therefore the possibility to produce a slowly progressive and 
uniform evolution of the disease was satisfactorily obtained ac- 
cording to our experimental design. 

A particular relation on the evolvement of the experimental 
infection, allergy, C. F, R. and on the anatomical and histological 
results, as they were observed by the singular animals, would 
assume a too large extent. Otherwise owing to a satisfactory 
conformity of the experimental pictures obtained in the different 
animals, the clearness of the exposition will be not particularly 
damaged being only generalized and summarized in the sbcrt 
limits of the following reports. 

Subcutaneous Inoculation. 

Five weeks after the infection, it was remarked the appearance 
of a primary focus just in the left thigh muscles, i. e. at the in- 
jection point, with associated granulomatous sometimes caseous 
involvement of the local lymph nodes. 

The latter became more evidently caseous in the following day.s, 
during which a miliary hematogenous dissemination in the spleen 
and lungs took place. At the eigth week also the hematogenous fcci 
in the spleen assumed larger extent and caseous trairsformation, 
while the connective tissue of the spleen is generally stimulated 
and induced to the fibrous proliferation and following spleno- 
megaly. 






Fig.]. (()•:.') X] 

In the liver the miliary tuborclc.s are also prc liforalii;^. Imt 
appear not yet affected by caseation; (heir aspect indeed is also 
in this stage a prominently cellular one, wherever lym)>halie and 
giant cells are the mest partici])ating ones (Fig. 1). 

The tubercular granulomatous cr caseous infce'lions involve also 
the lymph nodes of the lumbar rctrc])critoneal groujis. 

Successively the diffusion of the tubercular jnocc'ss and it-^ 
tendency to the caseation go on, owing to an ascondiag ))ro]iaga- 
tion in the prcvertebral lym])h node.s, to the traeheo-bronchial and 
cervical lymph nodes (about after 12 weeks). 

Also the splenomegaly extent is increasing while its specific 
foci become also larger and mere caseous. 

latratrachoal Inoculation. 

The intratracheally inoculated guinca-])ig.s showed sometimes 
already at the second week the a])])earance in t he lungs t;f a jjrimarv 
focus; i. e. a circumscribed exsudative alveolitis surrounded b'v 
miliary tubercles (Fig. 2) and n.s.sociated with a granulomatou'f 
reaction of the hilum lymph nodes. After -i weeks the jmlmonarv 
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NORMAL AND PATHOLOGICAL LTMPHADENOGRAM. 445 

in some places other forms. The number of well preserved lympho- 
cytes and lymphoblasts is much smaller than in the normal lymph- 
adenogram. This is explained by the increased number of Gump- 
recht’s shadows. Reticulo-endothelial cells were not observed, 
neither were granulocytes seen; some erythrocytes are present. 

Chronic myeloid leucemia. The erythrocytes when compared 
with, a normal lymphadenogram show no differences. The granulo- 
blastic system: In all fields of vision there are several or so typical 
myeloblasts (Fig. 12), and somewhat, smaller proportion of meta- 
myeloblasts and promyelocytes, and still smaller number of neu- 
trophi myelocytes, metamyelocytes, stab cells and polymorphs. 
Only adult forms of oxyphil and basophil granulocytes were ob- 
served. The majority of the cells were well preserved, the rest 
however showed the cytoplasm to be more or less damaged with 
partial and even complete separation from the nucleus. From 
these separated parts the basophil fragments of cytoplasm arise. 
They are usually spherical, of different size, from that of normo- 
cyte to small round granules, which at times fill the entire field of 
vision. The nuclei deprived of cytoplasm undergo disintegration 
giving origin to (jrumprecht’s shadoios. Lymphocytes are less numer- 
ous than in a normal gland and typical lymphoblasts only excep- 
tionally were observed. Typical reticular cells appear as a rule in 
the same proportion as in normal lymphadenogram. Many cells 
in apparent transition from reticular cells to myeloblasts were 
observed. Plasma cells were scarce. 

Acute myeloid leucemia. On examining the smears from enlarged 
cervical glands the following was confirmed: In the erythroblastic 
system scanty nucleated red cells and a few erythrocytes with 
fairly marked aniso- and poildlocytosis were seen. Lymphocytes 
and lymphoblasts were far less numerous than in normal lymph- 
adenogram. In the granuloblastic system there were many typical 
myeloblasts (Fig. 13), often showing signs of degeneration and 
disintegration with development of Gumprecht’s shadows. There 
were no more differentiated forms — from metamyeloblasts to 
adult granulocytes. A few cells with the characteristics of reticular 
cells were seen; their structure is on the whole similar to that of 
myeloblasts, but they are a little larger. 

Our material, though it is very modest, allows us to draw the 
following conclusions concerning the value of the lymphadenogram 
in diagnosis of leucemia: The lymphadenogram in the course of 
chronic lymphatic leucemia, in leucemic as well as in aleucemic 
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until the 8th and 9th week when the animals showed the strongest 
reactivity. 

At this point started the 3rd stage of the experimental disease, 
a stage sharply delineated from the complete disappearance of the 
skin allergy at the 10th week and from the other immunitary and 
pathological modifications, which we will later mention. The 
disappearance of the specific allergy was, however, only a temporary 
one: already after a period of two weeks, the animals became 
again allergic and more and more intensively, reaching the highest 
allergic level that was ever attained by them. 

The concomitant correlated investigation of the anatomical 
picture demonstrated that allergic reactivity came upon the stage 
in a time when only the primary lymphatic focus had revealed 
itself, and more precisely immediately following the appearence of 
the anatomical focus. 

Afterwards the reaching of the highest allergic level the end of 
the second stage appears as corresponding to the most extensive 
involvement of the lymph nodes. The successive predominating 
caseation of most tuberculous foci likely was the cause of the fall 
of the allergy in the 9th — 11th week; whilst its new arising can be 
referred to the sclerotic evolution of the connective tissue pro- 
liferation and perhaps also to a backward outcoming granulom- 
atous reaction in the not yet affected, tracheal and cervical 
lymph nodes. The mentioned coincidences between our allergic 
respectively anatomical results were not considered presump- 
tively as obligatory casually connected and was not left out the 
supposition that they could be quite fortuitous. As we will see 
further on the experience gained in the further observations, 
strengthened more and more the meaning that all allergical 
immunitary and pathological manifestations were intimately con- 
nected one another, quite constantly, assuming in effect the 
significance of different expressions of a unitary fundamental 
defensive mechanism. 

The participation of the whole organism to this process appears 
both from the evident parallelism between allergic reactivity and 
body weight of the animals and the different stages of the disease 
(see table I). Particularly significative is the coincidence of the 
strongest weight increase with the appearance and suddenly 
arising of the allergy in the second hyperergic stage of the infec- 
tion. In this period, i. e. from the 6th to the 9th week the general 
pathological picture is dominated from the defensive mechanism 
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b) Intratracheal Infection. 

1. Preallergic stage: scarce antigen; missing antibodies, primary 
exsudative pulmonary infection with granulomatous hilum- 
lymphadenitis (1 — 4th week). 

2. Hyperergic stage: scarce antigen, exhuberating antibodies, 
miliary tubercle dissemination, caseation of the hilum lymph 
nodes; strong allergy, intense but delayed C. P. R., increasing 
weight (4 — -Tth week). 

3. Hypoergie stage: exuberating antigen, scarce antibodies 
generalized caseous, evolutive tuberculosis, decreasing allergy, 
tubercle dissemination (anticomplementary of serum), decreasing 
of weight (7 — 13th week). 

4. Normoergic stage: exuberating antigen and abundant anti- 
bodies, strong allergy, anticomplementafy of serum, increasing 
weight (after the 13th week). 
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It was not my good fortune to know Professor H. C. Jacobmu? 
personally, but many of my friends in Norway, Sweden, and 
Denmark have told me of his distinguished and stimulating 
career. In 1943 Professor Key discussed the contributions of Pro- 
fessor Jacobaeus to medical research. I have been greatly honoured 
by the invitation to give the second lecture under tlic auspices 
of the H. C. Jacobaeus Foundation. 

The studies of investigators interested in the pliysiology and 
biochemistry of fats have been facilitated by the discovery, during 
the past quarter of a century, of a number of substances which 
exert »lipokinetic» effects, i. e. their administration profoundly 
affects the rate of transport of fat from liver to depot or in the 
reverse direction. Our group in Toronto has been particularly 
concerned with three of these: insulin, choline, and the liver fat 


increasing substance in certain anterior pituitary extracts. For 
this reason, and because of our continued intero.st iti the nianv 
unsolved problems of fat metabolism, I have selected »The Lijio- 
tropic Factors)) as the title of my Jacobanis Lecture. 

/ If I may digress for a moment to discuss terminology, it is ob- 
vious that what I am calling phj'siological lipokinetic agents, 
may be of either hormonal or dietary nature. The hormone, in- 
sulin, has profound effects upon fat mobilir.ation. When an animni 
i^radd^ deprived of its pancreas the fat depots rapidly molt 
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away and the liver becomes large and very fatty. This excess 
deposition of fat in the liver which is observed even in fasted animals 
is almost certainly due in part to transport of fat from the depots. 
When insulin is administered there is prompt alleviation of the 
ketosis, elimination of excess fat from the liver and a' lowering of 
hlood fat. The depleted fat depots are rapidly restored. These 
findings were reported from Toronto soon after the antidiabetic 
hormone became available (1). The work of Bonckaert (2), of 
Drury (3), and the more recent findings of Stetten and Klein 
(4), provide evidence that insulin accelerates the formation of fat 
from carbohydrate, i. c., it possesses lifogmic as well as lifdkinetic 
properties. These two effects may, of course, be very intimately 
associated. 

The liver fat increasing principle of the anterior pituitary exerts 
an effect on fat mobilization which is opposite to that of insulin, 
i, e., in the fasting animal it increases the rate of transport of depot 
fats to the liver (5, 6). This »adipokinetic actions, as Weil and 
Stetten (7) have termed the effect of the pituitary factor is, in 
part, prevented by the administration of insulin and is greatly 
reduced by the provision of food (8). 

We are concerned primarily to-day, however, with the third 
group of lipoldnetic factors — choline and its precmsors. In 1936 
we suggested calling these substances »the lipotropic agents* and 
defined the term with reference to the ability of such compounds 
to prevent the accumulation of excess fat in the liver or to accel- 
erate its removal. Since it has been established that the dietary 
factors which prevent the Iddney lesions in young rats also pre- 
vent deposition of fat and cirrhotic changes in the liver, and since, 
in general, the factors which increase deposition of fat in the liver 
aggravate these other changes, i. e., cirrhosis and the Iddney 
damage, we now suggest that the term »]ipotropic» should be 
broadened to include the prevention or cure of all the abnormal 
changes which are produced in the body by a specific dietary de- 
ficiency of choline or its precursors. Only those effects of methio- 
nine which are exerted through formation of choline would be 
included under this definition. 

The large fatty livers observed in depancreatized dogs which are 
maintained for long periods on adequate amounts of insulin, may 
be prevented by the addition of raw pancreas to the diet or, as 
was shown by Hershey and Soskin, in Toronto, by crude lecithin. 
In an extension of this work. Huntsman and one of us (G. H. B.) 
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showed that purified lecithin prevented fat deposition in the 
livers of rats fed diets rich in fat. They subsequently identified 
choline as the active component of lecithin (9). In the same year 
they showed that betaine, another naturally-occurring quaternary 
ammonium base, exerted a similar but weaker action. 
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When du Vigneand and his colleagues (14) discovered trans- 
methylation they supplied an explanation for the similar lipotropic 
activity of compounds as unlike as methionine and choline. 
They showed that the labelled methyl group of dietary methionine 
could be found in the choline of liver lipids. The question naturally 
arose as to whether the labile methyl group or the choline mole- 
cule was the effective lipotropic agent. In 1942, Welch and Landau 
established that arsenocholine is lipotropic but that it does not 
possess labile methyl groups. They presented a strong argument 
for the view that the intact choline molecule is the effective lipo- 
tropic agent when methionine, betaine or choline is fed. Stetten 
(16) had already shown, by feeding choline labelled with heav}" 
nitrogen, that dietary choline is rapidly incorporated into the 
molecule of liver lecithin and that ethanolamine serves as the 
methyl acceptor from which choline is formed when compounds 
such as methionine or betaine are fed. 

McArthur in our laboratory has recently shown that the com- 
pound colloquially known as »triethyl choline» when ingested, is 
incorporated into the molecule of liver phospholipids. This cjm- 
pound possesses no labile methyl groups but it exerts a moderately 
strong lipotropic effect. This work supports the contention of 
Welch that the intact choline molecule rather than the labile 
methyl group is the effective lipotropic substance. 

There is considerable evidence that the mechanism of action 
of choline and its precursors is to accelerate the rate of turnover 
of the liver phospholipids. The acceleration, by choline, of the rate 
of incorporation of inorganic phosphorus in the liver phospho- 
lipids, was first shown by Perlman and Chaikoff (18) using radio- 
active phosphorus as a tracer. Boxer and Stetten (19) have shown 
that ingestion of choline accelerated the turnover of choline in 
liver lecithin. Thus it appears that the turnover rates of two con- 
stituents of the molecule of liver lecithin are accelerated by 
dietary choline. It has been assumed that the same effect is exerted 
on the fatty acids of the liver lecithin and that this explains the 
increased rate of transport of fat from the liver when choline or 
its precursors are administered, but no direct proof has as yet 
been supplied by actual measurement of turnover rate of the 
liver fatty acids. This data and the results of further quantitative 
measurements under equilibrium conditions of the turnover rates 
of the other components of liver phospholipids are urgently 
needed. 
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The mechanism of action of inositol remains a mystery. Folch 
and Woolley (20) found inositol in phospholipid isolated from the 
cephalin fraction of brain. MacPherson, in our laboratory, has 
shown that inositol is present also in the cephalin fraction of 
phospholipids from rat livers. The fact that inositol does not 
protect the Iddneys of young rats fed a hypo-lipotropic diet 
(21) (22), and the recent finding of Lucas, Eidout and Patterson 
m my laboratory that inositiol exerts a negligible effect on liver 
fat when normal amounts of fat are present in the diet, suggest 
that this substance has little significance as a dietary lipotropic 
agent under physiological conditions. 

i^iportance of the nature and the amount of protein in 
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A similar explanation probably accounts for tbe anti-lipotropic 
effect of thiamine observed by McHenry, and of thiamine, ribo- 
flavin and pantothenic acid observed by Engel. 

Methionine is a versatile metabolite; (a) being an essential 
amino acid, it is required as such, for maintenance and growth, 
(b) some is used to supply sulphur for formation of cystine, bile 
acids, etc., and (c) some may be used to supply labile metbyl 
groups for the biosynthesis of choline. The work of several groups 
has suggested that methionine may be utilized preferentially for 
maintenance and growth and only after these requirements have 
been satisfied is any available for lipotropic action. A possible 
explanation for the failure of methionine to exert any lipotropic 
effect under the conditions recently described by Eose, Machella 
and Gyorgy (26) is that utiUzation of almost all of the methionine 
in an attempt to maintain body substance, leaves scarcely any for 
lipotropic action. 

In the recent studies which Prof. C. C. Lucas and I have carried 
out in collaboration with Dr. Ridout and Dr. Patterson, we have 
attempted to take advantage of the advances in our knowledge 
of the lipotropic factors, to conduct a reinvestigation of the re- 
lative lipotropic potencies of various natural and synthetic com- 
pounds which affect the accumulation of fat in the hver. For these 
studies the basal diet should be adequate in all respects, save for 
the lipotropic factors, and these should, if possible, be entirely 
absent. The essentiality of methionine, however, seems to us to 
preclude its complete removal from the diet and further more no 
readily available protein entirely free from methionine is known. 
Since it was not considered feasible to use purified amino acids 
in the experiments in which large numbers of rats must be main- 
tained, a series of studies with graded doses of the various lipo- 
tropic agents, have been conducted on rats fed diets with a low 
methionine content. The basal diet is low in methionine but is 
believed to be adequate with respect to the other essential amino 
acids. 

Choline was seen to exert a marked lipotropic effect in fat-free 
diets. Under these conditions, approximately 6 milligrams per day 
was the smallest amount which produced a maximum effect, 
i. e., the saturation dose. Inositol also exerted a lipotropic effect 
in fat-free diets, the saturation dose being about 3 milligrams. 
It was observed, however, that this maximum effect of inositol 
leaves the liver fat nearly three times as high as that obtained 
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when the optimum amount of choKne is fed. When 12 % 
of fat is substituted for an equal amount of sucrose, the IWo^opic 
effect of choline was almost the same as that obtained on the fat- 
free diet. Inositol, however, has exerted no demonstrable effect 

when either 12 % or 30 % of fat was used. 

Since our basal diet was low in organic sulphur, cystine was 
added in some experiments. As anticipated, growth was improved 
and a greater deposition of liver fat was observed in the control 
group — ■ 34 % as compared to 24 %. The animals were group 
pair fed. Choline caused an abrupt fall but slightly more was re- 
quired to produce a maximum effect. Inositol was without action. 

In confirmation of previous findings the addition of cholesterol 
to basal diets increased the demand for choline. This is due largelj 
to the resistance of the cholesteryl esters to the lipotropic effect. 
Inositol has no selective effect on cholesteryl esters and; in fact, 
under many conditions has no action in preventing deposition of 
either neutral fat or cholesteryl esters in the livers of cholesterol 
fed animals. 


Hemorrliagic Kidneys of Choline Deficiency. 

As Griffith and Wade (27) originally showed, a diet sufficiently 
low in choline and its precursors, methionine and betaine, iiroduces 
fatal kidney lesions with great consistency in young rats within 
seven to ten days. The gross changes in liver and kidneys are 
illustrated in Fig. II. AYith diets drastically low in the lipotropic 
factors these lesions may be produced in much oldpr rats. The 
pathological picture has been described by Christensen (28), by 
Clydpgy and Goldblatt (29), and by others. For our discussion on 
fat metabolism to-day the primary interest in these kidney lesions 
is their possible relationship to abnormality of fat deposition or 
utilization. Griffith has noted in his remew in »Biological Sym- 
posia)) (30) that fatty changes were observed by Christensen in 
the cells of the proximal convoluted tubules of the kidney. A de- 
tailed study of this aspect of the kidney pathology has recently 
been made by Hartroft in our laboratory. He has found very 
definite signs of fatty degeneration in the cells of the proximal 
convoluted tubules but it remains to be- decided wliether or not 
this alteration in fat metabolism is responsible for any part of the 
subsequent degenerative changes in kidney tissue. Dessau and 
Uleson (31) have recently suggested that the primary lesion in 
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Fig. II. In yonng rats 7 days of choline deficiency produces these dramatic 
changes in liver and kidneys. 


the kidneys is vascular. It has been shown that there is a fall in 
phospholipid content of kidney in choline deficiency, and that the 
rate of turnover of radio-active phosphorus in the phosphohpids 
of this tissue is accelerated by the administration of chohne (32). 

The Cirrhosis of Choline Deficiency. 

It is now well established, as mentioned above, that the fatty 
liver of choline deficiency in diabetic dogs or normal rats, if allowed 
to persist, progresses to a definite cirrhosis, which is similar to that 
not infrequently observed in human subjects. This work has been 
carried out by Chaikoff, Connor and Biskind (33) in dogs, and 
by Gyorgy and Goldblatt (34), LilUe, Daft and Sebrell (35), Blum- 
berg and McCollum (36) and Webster (37) in rats. It is agreed 
that choline is a specific in the prevention of this type of ex- 
perimental cirrhosis and its effect on cirrhotic changes which 
may be produced by the administration of various industrial 
poisons, has been tested. These latter studies, many of which have 
been conducted in the laboratories of the U. S. Public Health 
Service by Neal, Daft and their colleagues, have shown that 


511 


THE LIPOTROPIC FACTORS. 


choline and nictMonine, the latter of which provides both labile 
methyl and sulphur, exert a measure of protective action, tellers 
in our laboratory has been studying the role of the hpotropic 
agents in the treatment of carbon tetrachloride cirrhosis in rats. 
Choline and methionine produce profound curative effects, as 
indicated by the disappearance of excess fat, regeneration of paren- 
chymal cells, and an apparent decrease in the fibrous tissue. 
It is necessary to have a diet extremely high in methionine rich 
protein to duplicate the effects of optimal amounts of choline or 
methionine. When the lipotropic factors were not made available 
there was no evidence of recovery. Inositol appeared to decrease 
the mortality rate of the animals, but exerted no favourable effect 
on fat deposition or on cirrhosis. 

A very high incidence of tumours has been reported by Cope- 
land and Salmon (38) and by Engel, Copeland and Salmon (39) 
in rats on diets low in the lipotropic agents. Animals receiving 
choline were free of tumours. This probably indirect effect of 
choline deficiency will undoubtedly receive much further study. 

In the concluding section of this short review I should like to 
refer again to the original observations on the protective effects 
of raw pancreas added to the diet of insulin-treated depancrea- 
tized dogs. Among the many possibilities which were suggested 
as an explanation of this effect, two have been most actively 


investigated. We have described the action of the dietary factor 
choline, which was present in sufficient amounts in the large 
supplement of pancreas which was fed to the depancreatized dogs 
to exert a favourable effect. The second possibility, that of the role 
of the pancreatic enzymes, has been painstakingly investigated 
by Chaikoff and his group in California. Ralli, Rubin and Present 
(40), Montgomery, Entenman and Chaikoff (41), and others, have 
shown that ligation of the pancreatic ducts may lead to fatty 
changes in the liver. Chaikoff and his collaborators have prepared 
an active fraction of the pancreatic tissue which is effective in 


preventing fatty livers in depancreatized dogs, but does not owe 
its activity to choline or its precursors. More recently they have 
shown that an effective agent is present in pancreatic juice, and 
they have suggested that the action of their anti-fatty-liver ma- 
terial is enzymatic in nature. Even more recently Chaikoff 
Entenman and Montgomery (42) . have shown that hydrolyzed 
casein or free methionine exerts a marked lipotropic effect in de- 
pancreatized dogs, an action which is not produced by unhydro- 
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lyzed casein. Thus the proof is practically complete that pan- 
creatic enzymes do play an important role in the effect of pan- 
creas fed to depancreatized dogs. Methionine is liberated which, 
by methylation of amino-ethyl-alcohol, increases the amount of 
choline available. Palmer (43) in our laboratory and Chaikoff 
and his collaborators have isolated several crystalline proteolytic 
enzymes from the active fraction of pancreas. If we may assume, 
as it now appears justifiable to do, that this active fraction is a 
proteolytic enzyme it remains only to determine which of these 
are effective in producing the liberation of methionine. 

We have thus seen that lipotropic agents produce very definite 
effects on fat transport and deposition. In the absence of these 
factors in young animals liver and kidney function is damaged 
and the metabolism of protein, fat and carbohydrate may be 
seriously affected. Protein metabolism through methionine is now 
inseparably linked with the activity of the lipotropic agents. These 
findings obtained in many laboratories have gre'atly increased 
our knowledge of fat metabolism and its interrelationship with 
that of the other food materials. 

Clinical Applications. 

We have seen that choline (or its precursors) may exhibit 
dramatically favourable effects on the lesions produced in experi- 
mental animals htj a deficiency of choline in the diet. We may 
expect that lack of choline in the human diet will produce similar 
disturbances but we have no proof, as yet, that this is so. If 
this point is established for the human subject we would then 
expect that choline would be an effective agent in the treatment 
of choline deficiency in human patients. There is little evidence 
that choline is lacking in what is at present considered an adequate 
diet. In countries where the protein intake is low a diminished 
intake of methionine might result in choline deficiency. 

Apart from a deficiency of choline or its precursors in the diet 
there are several sets of conditions which might produce the signs 
of choline lack. The first is interference with protein digestion in 
the small intestine. There are a number of clinical abnormalities 
which may interfere with the normal breakdown of protein and in 
these the clinician should be on the watch for the signs of chohne 
deficiency. We have seen that choline deficiency may be produced 
by this mechanism in experimental animals. Another possibility. 
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for whicli there is, at present, no experimental e^adence, isthat 
clinical abnormalities may exist in which there is 
with the methylation of amino-ethyl-alcohol or with some phase 
of the action of choline in the tissues. 


I am greatly indebted to my colleague Professor C. p. Lucas 
for his help in collecting some of the data on which this lecture 

has been based. 
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Numerous clinical observations and experimental investiga- 
tions have proved that the hypophysis is closely related to carbo- 
hydrate metabolism. It is thus a well-known fact that in illnesses 
where excessive function of the anterior pituitary is presumed to 
be present, diabetes often results. This so-called hypophyseal 
diabetes has been the subject of repeated thorough study, and the 
question as to the origin of the disease has been given special 
attention. The regulating influence of the anterior pituitary on 
the functions of the thyroid gland and through the latter on the 
general metabolism has been elucidated by numerous experiments 
on animals, and the question under discussion is whether the hypo- 
physis plays any part in the development of hypothyroidism in 
man. 


I. 


Survey of the Relation of Hypophysis to Carbohydrate 

Metabolism. 

a. Experimental Investigations. 

The Unitarian pancreatogenic diabetes-theory was based on the 
classical mvestigations of V. Mering and Minkowski (1), Allen 
(2), Bantin g, Best and associates (3), and from anatomo-patho- 
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logical point of view this theory was supported by Heiberg (4) 
Weichselbaum (6) and others. However, in many cases of diabetes 
there was found no typical histological changes in the pancreatic 
islets., (Warren (6), Allen (7).) Furthermore, cHnical experiences 
went to show that other endocrine organs must have played a part 
in the development of certain forms of diabetes, studied under the 
name of extrainsular diabetes, the cause of which was supposed 
to be hormonal disturbances first and foremost of the hypophysis, 
next of the adrenals and other endocrine glands. 

English and American physiologists have in recent years car- 
ried out extensive experiments on animals by which light has been 
thrown on the influence of the pituitary and adrenal glands on 
carbohydrate metabolism. More than 2,000 papers relating to 
this subject have been published during the past 20 years. Hous- 
say and associates (8, 9) have pointed out that the diabetes in 
pancreatectomized dogs was considerably improved and might 
even disappear after removal of the pituitary. Without insulin 
these animals could utilize considerable amounts of carbohydrates, 
which was shown by an increase in the respiratory quotient. If 
the animals were given enough food, the storage of glycogen in 
the liver and muscles proceeded normally, and hyperglycemia, 
glucosuria and acidosis disappeared. Numerous reports from other 
laboratories confirmed the correctness of these investigations, 
and it was thereby proved that the decreased carbohydrate com- 
bustion in pancreatectomized dogs could not wholly be attributed 
to insulin deficiency. (Houssay (10).) The pituitary somehow or 
other contributed to the onset of the diabetes. 

By numerous experiments it has been proved that in the an- 
terior pituitary certain substances are formed, which influence 
carbohydrate metabolism. There is some difference of opinion 
concerning these substances, but researches in recent years have, 
at any rate, proved the existence of two anterior pituitary hor- 
mones, regulating carbohydrate juetabolism, namely the diabeto- 
genic and insulin-antagonistic or glycotrofic hormone. 

Pancreatectomized dogs usually died of diabetes in the course 
of a few days if no insulin was given. But they Hved for several 
months without insulin when the pituitary was removed. If th^e 
dogs without pancreas and pituitary were injected with anterior 
pituitary extract, there came an increase in the blood sugar con- 
centration with consequent glucosuria, and the glucose tolerance 
decreased. Similarly, by injection of anterior pituitary extract 
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hyperglycemia could be produced iu normal, healthy, non- 
opLted animals. Borchardt (11) had already in 1908 noted tran- 
sient hyperglycemia after injection of anterior pituitary extract. 
Evans et al. (12) in 1932 treated normal dogs with the growth 
hormone of the ant. pituitary and got as a result a disease simikt 
to diabetes. Young (13) in 1937 discovered that daily intraperi- 
toneal injections for a few weeks of large and steadily increasing 
doses of fresh anterior pituitary extract in dogs gave rise to dia- 
betes with polydipsia, polyuria, hyperglycemia, glucosuria, aci- 
dosis, hyperlipemia and increased N-secretion in the urine. About 
the second day there was seen a temporary rise in the blood sugar 
concentration. After this there came a refractory stage of a few 
day’s duration before the final diabetic condition set in, and this 
diabetes persisted even after the injections had been discontinued. 
In these animals Campbell and Best (14) found degenerative 
changes in the pancreatic islets and decreased insulin content in 
the pancreas. This diabetes differed from that found in dogs with 
extirpated pancreas inasmuch as the animals increased in weight 
during the whole of the period in which they were being injected 
(effect of the growth hormone?). The glycogen of the liver is also 
kept normal for a longer time in spite of abundant sugar secretion 
in the urine, than in the pancreatectomized animals. On the other 
hand, if insulin was injected simultaneously with the anterior 
pituitary extract, no signs of diabetes appeared and no changes 
of the pancreatic islets could be found. 

The effect of the anterior pituitary extract of increasing the 
blood sugar has also been demonstrated in man. Lassen and Han- 
sen (7) produced after the injection of alkaline anterior pituitary 
extract in doses equivalent to 2 Y 2 grams of fresh gland tissue a 
rise of the blood sugar concentration both in the normal and the 
diabetic organism, accompanied by a marked increase of ammonia 
secretion in the urine. If the diet contained a small amount of 
protein and no carbohydrates, the effect was uncertain. The 
effect was most evident with a moderate amount of proteins and 
carbohydrates in the diet. It was also demonstrated that injec- 
tion of the ant. pituitary extract could probably produce a tem- 
porary lowering of the sugar threshold of the kidneys in normal 
individuals. 

_ The diabetogenic hormone has no effect on rats, mice and guinea- 
pigs, probably because these animals are able to develon an 
augmentation of their insulin-producing tissue. The amount of 
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endogenic insulin, together with other active factors, determines 
the mode of action of the diabetogenic hormone. If, therefore, 
the pancreas and pituitary are removed from these animals, there 
is seen a distinct diabetogenic effect of the anterior pituitary 
extract also on them. It seems as if these animals, by increasing 
their production of insulin, can neutralize the diabetogenic hor^ 
mone, which proves that there is also an antagonism between the 
diabetogenic hormone and insulin. 

Such an antagonism is clearly present between insulin and the 
second anterior pituitary hormone, affecting carbohydrate metab- 
olism, namely the so-called glycotropic hormone. Houssay and 
Magenta (15) found that hypophysectomized animals were very 
sensitive to insulin. Hypoglycemic cramps could be caused by a 
much smaller dose of insulin than was necessary in normal animals. 
If these animals were treated with adequate doses of anterior 
pituitary extract, this supersensitivity decreased. (Houssay & 
Potic (16).) Young and associates in 1938 isolated the anti-insular 
principle from the thyreotropic, the lactogenic, the gonadotropic 
and the diabetogenic hormone, but its separation from the grovrth 
and the adrenocorticotropic hormone could not be effected. Also 
in normal animals the glycotropic hormone was effective pre- 
venting hypoglycemia after injection of insulin (Young & Marks 
(17), Cope & Marks (18), Jensen & Grattan (19)). The glycotropic 
hormone maintains an abnormally high glycogen content in the 
liver and muscles during short periods of fasting, but in hyper- 
glycemia it causes glycogenolysis. It had no effect on the fasting 
blood sugar in animals with extirpated pituitary, and thus differed 
from the diabetogenic hormone. 

There has been much discussion about the specificity and mode 
of action of these anterior pituitary hormones. The published 
reports of the results of experiments are often conflicting, and it 
has been difficult to isolate the various active principles of the 
anterior pituitary from each other. In experiments carried out in 
order to throw light on the different active factors, it has fre- 
quently to be taken into consideration that many of them have an 
effect on other endocrine organs. Moreover, the various ammals 
used in these experiments react differently to the same prepara- 
tion. It has also been maintained that the substances obtained 
from the extracts of the pituitary are not identical with the 
hormones formed in the pituitary intra vitam. When these sub- 
stances are extracted, they might split into several fractions, 
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■eacli of them with definite effects, while the pituitary mtra vitam 
only produces a few substances with more complex effects, acting 
-upon different organs. (Christensen (20).) Some of the active 
principles, obtained in experiments, may be isolated on account 
■of .their different solubility in alcohol, acetone or certain salt 
solutions, or even by adsorption, ultrafiltration oT other methods. 
-In this way, it has been possible to separate the diabetogemc, 
-glycotropic, thyreotropic, gonadotropic and lactogenic factors. 
(Collip (21).) On the other hand the attempts to separate the 
diabetogenic hormone from the ^owth and the adrenocortico- 
tropic hormones has not met with success. After experiments 
by Long and associates the diabetogenic hormone seems to be 
identical with the growth hormone and with the so-called Iceto- 
genic anterior pituitary hormone (Burn & Ling (22)), which 
produces as characteristic effect an increase of the acetone bodies 
of the blood and the urine. 


The B elation of the Anterior Pituitary to the Adrenal 
Gland Cortes. 


After extirpation of the pituitary there comes an atrophy 
of the adrenal cortex, but not of the marrow. The injection of 
anterior pituitary extract counteracts this atrophy by reason of 
its content of the adrenocorticotropic principle. (Collin, iVnder- 
son & Thomson (23).) The adrenals have also effects on carbo- 
hydrate metabolism. It was well Icnown from clinical practice 
that cases of tumors and hyperplastic processes in the adrenal 
cortex were accompanied by hyperglycemia and glucosuria. 
Among 55 patients with such tumors Lulccns, Tlippin and Thig- 
pen (24) found glucosuria in 44 per cent. The distivrbances in carbo- 
hydrate metabolism were explained ns the result of an increased 
formation of sugar from protein and fat. It was maintained that 


the cause of hyperglycemia and glucosuria was a hyperfunction 
of the adrenal cortex. Numerous experimental investigations have 
also proved that the hormones of the adrenal cortex increase the 
blood sugar concentration and favour the accumulation of glyco- 
gen m the liver, while it has no effect on the muscle glycogen. 
Carbohydrate production in these cases proceeds at the expense 
of protein and fat. The effect of the diabetogenic anterior pituitary 
_ ormone is also, according to some experiments, dependent on 
increased formation of glucose from protein and fat. This so-called 
33 — }82i74. Acta tned. scandinav. PoZ. GXXXI. 
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focus is slowly reabsorbing while also mibary tubercles are dis- 
seminating in the lungs, and increases the bilum lympb-adenitis; 
moreover joints and beinatogenic outspreading in tbe spleen 
(Fig. 3) and in tbe bver. At tbe 6tb week tbe caseation also in tbe 
bilum lympbnodes appears. 

Successively tbe extent of tbe former miliary tubercles of tbe 
lungs increases, tending to conglomerate into granulomatous, 
mostly caseous foci and giving place to a diffuse probferation of tbe 
specific granuloma and foUowing thickening of tbe interalveolar 
septa. Concomitantly also tbe other tubercular affected organs, 
i. c, spleen and lymph nodes, show a diffuse granulomatous in- 
volvement of tbe interstitial connective tissue. 

Tbe caseous change of the granuloma in tbe lung reaches its 
maximum after 8 or 9 weeks during which tbe sclerotic transforma- 
tion of tbe tubercular process begins everywhere in the affected 
organs. This tendency assumes a particular significance in. tbe 
bver where the connective tissue probferation develops giving an 
anatomical picture similar to that of liver cirrhosis, namely con- 
sisting on tbe degeneration of tbe parenchymatous cells, a diffuse 
increase of tbe connective tissue starting from tbe portal spaces 
and sometimes from tbe centrum of tbe lobub; a considerable 
splenomegaly with tbe characters of a diffuse fibrous inflammatory 
reaction and partially also as a secondary effect to tbe cirrhosis 
and correlated state of tbe blood in tbe portal district, as usuaby 
happens also in tbe spontaneous cirrhosis of tbe bver. Tbe only 
organs that showed little or no tendency to tbe sclerotic trans- 
formation were tbe tracheobronchial lymph nodes, sometimes 
tbe cervical ones, that were found caseous prevalently in tbe 
latest stage of the disease. 


Allergic Reaction. 

Tbe allergic reacthnty evalued, as above mentioned, on behalf 
both of tbe smabest sensibilizing tubercubn dose and from tbe 
superficial extent of the sldn reaction by tbe constant anatuber- 
cubn test, showed a rather significative behaviour, desumed from 
tbe mostly uniform and bnear results. 

It ■was thus demonstrated that tbe preallergic i^etio A in the 
subcutaneous infected animals lasted about five weeks. Just at 
tbe end of the 5tb week we could observe tbe first positive skin 
reaction, and successively a gradual slowly increasing reactivity 
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The liver also plays a park in this cooperation. Carbohydrate 
metabolism represents a dynamic balance between blood sugar 
formation in the liver and its utilisation by the body tissues. 
(Soskin (29).) In animals on which partial hepatcctomy has been 
performed, the adrenal cortex hormones checks the fall of the 
blood sugar concentration, but after complete removal it has no 
effect. (Mann & Magath (30), Selye & Dosne (31).)^ _ 
Epinephrectomized animals have the same insulinic hyper- 
sensitivity as those lacldng the pituitary, and it has been main^ 
tained that the glycotropic hormone should also act by way of 
the adrenals. The results of the experiments relating to these 
matters are, however, conflicting, and the problems are as yet 
unsolved. 


Other Hormones of the Anterior Pituitary Regulating 
Carbohydrate Metabolism. 

The so-called glycostatic principle (Eiissell & Bennett (32)) 
was supposed to have the effect of keeping the muscle glycogen in 
fasting, hypophysectomized rats up to normal values, while the 
liver glycogen and the blood sugar fell to low values (Russell 
(33)). The pancreotfopic hormone (Auselmino ck Hoffmann (31) — 
Bierring (3D)) was thought to lead to a slight fall of blood sugar 
level during a few hours following injection, and to produce an 
increase in the number and size of the pancreatic islets. It was 
claimed that this hormone produced the refractory stage, follow- 
ing injection of extracts of the anterior pituitary, containing the 
diabetogenic hormone. Another lionnonc, regulating carbo- 
hydrate metabolism, was claimed to produce low glycogen values 
in the liver, and still another hormone, found in extracts from the 
anterior pituitary, was supposed to increase the blood sugar 
level a few hours after the injection, Avhile the diabetogenic 
hormone has no effect before at least some days have passed. 
But the investigations in this field are not finished, the results 
are partly conflicting and the existence of these hormones is not 
generally accepted. 


b. Clinical E-xporioncos Rognrdiiifr the Elfect of the Pituitary 
on Cavboliyrtrate Metabolism. 

The simultaneous occurrence of acromegalia and disturbances 

of carbohydrate metabolism is so frequent that it cannot be only 
incidental. 
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toms in 30 of the 63 patient who were treated. The 
patients exhibited a notable increase m carbohydrate tolerance. 
An insulin-resistant diabetic was treated witli X-rays by Cannovo 
(cit. Lassen & Hansen (7)) with good results. 


The 


Connection between the Pituitary and Carbohydrate 
Metabolism Elucidated by some Case Reports. 

Lyall & Innes (62) report the case of a 27-ycar-old man, suffenug 
from severe diabetes mellitus, which was in all re.spects a t}'pical oxainp e 
of the insular form. The glucose tolerance curves were also similar to 
those found in this form. The patient was daily treated wth 80 i. units 
of insulin, and the diabetes %vas controlled. By degrees tne^ diabetic 
symptoms regressed, the insulin was withdrawn, and the patient took 
ordinary food and had urine free from sugar. The diabetes was cured. 
10 months later X-ra}' examination revealed calcifications in a cystic 
]i 3 ^ophyseal tumor. It was presumed that this tumor was the cause of a 
decreased production of hormones. Before the development of the tumor 
the hormone-production of the anterior pituitary had liintlered the 
secretion of endogenic insulin into the blood. When the tumor had 
destroyed the normal tissue of the anterior pituitnrv, this obstacle 
was removed, and the endogenic production of insulin was sufficient 
to maintain a normal blood sugar level. 

Gripwall (51) has described a case of dinbetc.s in ncromogalia. The 
patient was a 56-year-old Woman, in whom a t\ 7 >icnl acromegalia liad 
developed during the course of a few years. The X-ray picture revealed 
a calcified nucleus, the size of a grain of corn, in the region of tlie .«clla 
turcica. The sella itself Was normal. In this patient there developed 
signs of diabetes mellitus of the insular t}'pc with marked .subjective 
symptoms, hj^erglycemia, glucosurin and ncetonuria. After adjustment 
with insulin, 36 int. units daily -{- diet, the urine Was free from sugar 
and acid, and the fasting blood sugar was about 200 ing/100 cc. After 
a serious throat infection the urine became free from sugar, and the 
msuliii could be withdrawn. The patient took ordinary food, and the 
blood sugar showed normal values. Her diabetes was cured. In order 
to explain the course of the disease, Gripwall supposed that the pituitary 
had been exposed to injury of n toxic or infections nature in connec- 
tion with the throat infection. Slight si’mptoins of diabetes insipidus 
simultaneously appeared, and the urine sliowcd, according to the 
author a opinion, remarkablj'’ low values for the prolan concentration 
(less than 30 M. U. per litre). Tlic acromegalia also showed a rcgrc.ssive 
tendency. Gripwall discusses to whnt extent the primary disturbance 
m the carbohydrate metabolism is caused by a lijTierfunction of the 
pituitary or is a consequence of insufficiency in the insular apparatus 
or is due to both causes. He concludes that 'it is not possible to asccr- 
tain this, even if the glucose tolerance tests carried out some time after 

b? indicate intact endocrine proclnction 

in the insular tissue of the pancreas. ^ 
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Oppenlieimer (53) has described a case of acromegalia witli diabetes 
° insular type, ending in diabetic coma. A 35-year-old woman 
who half a year ago bad not sboWed any signs of disturbances in carbo- 
bydrate metabolism, Was on admission in diabetic coma, on wbicb tbe 
administration of insulin bad no noticeable effect. Tbe patient, how- 
ever, recovered, and 5 weeks later she bad no symptoms of diabetes 
Tbe glucose tolerance curves showed normal values, except for a pro- 
longed reactive hyperglycemia, which was considered to be tbe result 
of good function of the insular tissue. Oppenbeimer interpreted the 
patient’s diabetes as being tbe result of disturbances in tbe production 
of pituitary hormones. 

Kotte & Vonderabe (63) described a 40-year-old man, who bad 
suffered from diabetes mellitus, wbicb was controlled by insulin. He 
bad moreover tuberculosis of both lungs with tubercular bacilli in tbe 
sputum. 2 months before admission be got severe headaches, vomiting, 
languor and loss of weight and Was at last exhausted, half unconscious 
and perspiring. He bad a temperature about 39° C, but on examination 
in the hospital tbe urine Was free from sugar and acid. Tbe patient 
died a short time after admission, and the blood sugar concentration 
was not investigated until some hours after death. It was then 31 mg/100 
CO. Post mortem examination revealed necrosis of the anterior pituitary 
with a small cellular reaction and lack of conjunctive reactive tissue, 
which gave the impression of recent anatomo-pathological changes. 
The authors point out the resemblance of this case report to the hj^o- 
glycemic attacks in hypophysectomized animals, especially frequent in 
fasting, and the case was described as the Hoiissay phenomenon in man. 
In man, where the disease has caused rapid destruction of the anterior 
pituitary, low blood sugar level and symptoms resembling those found 
in hypoglycemic crises in hypophysectomized animals are noted and 
death follows before the typical Simmond’s syndrome becomes mani- 
fest. The authors explained the clinical picture in this patient as the 
result of greatly decreased function of the anterior pituitary. On ac- 
count of deficiency in the supply of nourishment during an intercurrent 
illness, the store of glycogen is used op, the infection further overworks 
the organs, giving rise to hypoglycemia similar to what is seen in ani- 
mals with extirpated pituitary during fasting. 

From physiological experiments we know the importance of 
the liver in carbohydrate metabolism. (Mann and Magath (30).) 
From clinical practice some cases also are reported of hypoglycemia 
in diabetes mell., where pathological conditions in the liver have 
been thought to play a part. (Rosendahl (64).) Joslin (65) states 
that the most frequent cause of hypoglycemia in diabetes is 
emaciation on account of insufficiency of diet. Spontaneous 
remission of diabetes which was supposed to be of hepatogenic 

origin, is reported by Motzfeldt (66). 

Diseases with hypofunction of the pituitary are usua y ac- 
companied by increased carbohydrate tolerance and seldom by 
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ylr.concogenesis, however, decreases after extirpation of the pituit- 
.nrv. wiiilc after injection of adrenal cortex hormone in hj^po- 
physectomir.cd animals the gluconcogencsis increases. For this 
reason investigations M’ore made to discover if the effect of the 
anterior pituirary on carbohydrate metabolism was conveyed by 
way of the adrenal cortex. 

Vialc’s experiments (25) were of special interest in this con- 
nection. Ide pointed out that glucosxiria after total or partial 
])ancreatectom_y on dogs decreased when the adrenals were ex- 
tirp.ated. Epincphrectomy thus had a favourable effect on pan- 
creatogenic diabetes similar to that of liypophpectomy. This 
effect is only obtained after removal of the adrenal ’cortex, not after 
demediillation or denervation of the adrenals. By administration 
of adrenal cortc.v hormone to pancreatectomized and epiiie- 
phrectomizod animals it was possible to produce hyperglycemia 
and gh’cosuria, and on largo doses the values of the urine sugar 
excreted in 2*1 hours might exceed those found in pancrcatccto- 
mized animals before the cpinephrectoray. The adrenal cortex 
hormones thus have a diabetogenic affect. 

Eccont investigations have proved that the diabetogenic an- 
terior pituitary hormone has to act together with the adrenal 
cortex to produce its full effect on carbohydrate metabolism. 
(Lundberg (2G).) Injection of the diabetogenic anterior pituitary 
liormone has no effect on the blood sugar level, and there is no 
increase of the glycogen reserves of the liver in animals in which 
epinephrectom}' lias been performed. However, the glycogen con- 
tent in tlic muscles rises. Tims it seems as if the regulation of the 
mu.'jclc glycogen is directly connected with the anterior pituitary, 
while the liver glycogen and the blood sugar arc regulated by way 
of the adrenal cortex. 

In p.'iTicreatectomizcd and cpinephrectomized rats tlie anterior 
pituitary hormone, which was fully active in animals lacking the 
])ituitary and the pancreas, did not cause glucosuria. If these 
animals, however, were given a certain amount of adrenal cortex 
hormone, there occurred abundant glucosuria after injection of ant. 
])ituifary extract. From this Hussel and Long (citation: Christen- 
sen (20)) came to the conclusion that a certain amount of adrenal 
cortex hormone was necessary to enable the pituitary factor to 
inue any effect. It was cAadent that there is a synergism betivcen 
the diabetogenic ant. pituitary hormone and the adrenal cortex 
hormones. (Long & Katzin (27) & Fry (28).) 
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but on a smaller scale, and tbe complete picture of myxedema is 
not seen. The basal metabolic rate is 15—25 per cent below 
normal, wbicb is tbe same as seen in Simmond’s disease. If, bow- 
ever, tbe tbyreoid is removed or damaged by disease, tbe’ basal 
metabobc rate falls to a new and lower level and adjusts itself 
to fairly constant values of about 60 per cent of tbe normal. This 
corresponds to tbe metabolic values found in complete atbyreosis, 
wbicb is accompanied by marked clinical signs of myxedema! 
It has been maintained that this is tbe lowest metabolic rate 
possible for tbe subsistence of life in not-bibernating mammals 
(Houssay (73)). 

But it has also been maintained that after removal of tbe 
pituitary there is a greater decrease of the basal metabolic rate 
than after thyreoidectomy, possibly because not only the tbyreoid 
gland, but also tbe adrenal cortex undergoes regressive changes 
(Kemp & Okkels (74)). In clinical practice hyperglycemia has been 
observed rather frequently in patients with bypeftbyioidism, 
whereas in myxedema it is extremely rare. Joslin & Labey (75) 
found glucosuria in primary hyperthyroidism in 38.6 per cent 
(228 cases), in secondary hyperthyroidism in 27,7 per cent (83 
cases). Some of these patients had a transient disturbance of carbo- 
hydrate metabolism and were cured after subtotal thyreoidectomy. 
After operation and cure of the hyperthyroidism tbe disturbance 
of carbohydrate metabolism returned to normal. Every patient 
with hyperthyroidism and disturbed carbohydrate metabolism 
cannot be classified as diabetic. Joslin raised tbe standard for a 
diagnosis of diabetes in hyperthjoroidism to a blood sugar of 150 
mg/100 cc fasting or 200 mg/100 cc or more after meals in addi- 
tion to glucosuria. After this limitation true diabetes was seen in 
2.5 per cent of the total cases of primary hyperthyroidism and in 
4,3 per cent of secondary hyperthyroidism. 

Hyperglycemia in hyperthyroidism is the result of secretion of 
adrenalin under the influence of the thyroid hormone through 
lysis of the liver glycogen. 

Tbe effect of thiouracil and similar substances in hyperthyroid- 
ism seems to be dependent on tbe action of the pituitary, and 
anatomo-pathological changes are observed in tbe cells of tbe 
anterior pituitary in experiments with similar substances. (Mac- 
kenzie, Me. Collum and associates — ■ cit. Rune Frisk (76).) 

Numerous investigations have been made to ascertain whether 
certain forms of myxedema are caused by deficient secretion 
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dialietes. Marianon & Mofros (38) found among 115 cases of 
dystropliia adiposo-genitalis following liypofunction of tlie pi- 
tuitary only 2 cases of diabetes mellitus. But liypofunction of the 
anterior pituitary does not always exclude diabetes rdellitus. 
(John (67), Allan & Koivntree (68), Beldman, Eoberts, Sussel- 
man & Lipetz (69).) 

II. 

Tlie Effect of Pituitary on Basal Iletabolisiu. 

The jiituitary is superior to the thyreoid and governs its acti'vnty 
by aid of the thyreotropic hormone (Aron (70), Loeb et al. (71)). 
After hypophysectomy regressive changes appear in the thyreoid. 
Tlie th}T:eoid has also an effect on the vegetative centres of the 
mid-brain and other endocrine organs, and is closely in tune 
with them. This mutual dependence is necessary for an orderly 
metabolism. The thyreotropic hormone in the anterior pituitary 
stimulates the hormonal secretion of the thyreoid. This effect 
could successfully be demonstrated in young guinea-pigs. ALfter 
injection of anterior pituitary extract the cells of the thyreoid 
follicles swell out, the vesicles become smaller, the colloid is vacuo- 
lised, and proliferative changes in the cells take place. The result 
is increased secretion of thyreoid hormone in the blood and a 
higher basal metabolic rate. This reaction is so characteristic 
that it is used as a test for the thyreotropic hormone. 

The thjTeotropic hormone has been isolated from the other 
pituitary hormones and has been found in watery extracts from 
the anterior pituitary. After injection of the hormone, besides an 
increase of the basal metabolic rate, also exophthalmus, tachy- 
cardia and increased irritability can be observed, and the thyreoid 
gland increases in size, while the iodine content diminishes; In 
th 5 T;eoidectomized animals no such symptoms are seen, which 
proves that the effect occurs by way of the thyreoid gland. If 
the hormone acts for a longer time, the stimulating effect on the 
thyreoid is diminished, which should be due to the so-called anti- 
hormones with antagonistic effect on the thyreotropic hormone. 
But many authors deny the existence of these antihormones. 

After hypophysectomy the basal metabolic rate falls, and ad- 
justs itself after a time to a new and lower level. But it is some 
dissension between the various authors how much it falls. Means 
(72) states that the thjTeoid still functions after hypophysectomy. 
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CasGTecord. 

An unmarried woman (serial No. 2302/46 G. A.), aged 46, was ad- 
mitted to the hospital for the first time on Oct. 20, 1945, under the 
diagnosis of diabetes mellitus and imminent coma. 

The family history revealed no known cases of diabetes or other 
illnesses of interest. In 1917 she Was treated for syphilis and went 
through an additional antisyphilitic treatment in connection with 
child-birth in 1928. She gave birth to a fully developed child who 
later has shown no signs of congenital syphilis. Otherwise the patient 
had been quite fit until in May 1945 she consulted the doctor on account 
of obesity, developed during the course of 4—5 weeks. Her clothes 
had become too tight and her feet so large that although she had been 
using previously ladies’ shoes No. 39, she now needed mens’ shoes No. 
43. Her hands also had increased in size, and rings previosuly Worn, 
became too small. Her features became so altered that people did not 
recognize her in the street. 

At the end of August 1945 the patient suffered from extreme thirst 
and polyuria and voided at least 3 — 4 liters of urine every night. 
She also suffered from pruritus vulvae. After a while there came in- 
creasing languor and fatigue with loss of weight despite a hearty appe- 
tite. Besides, she was much troubled by cramps in the legs and had 
paresthesiae and pricking pains in the lower extremities when walking. 
There Were no gastric alterations, but she suffered from constipation. 
Menopause occurred 5 years before admission. Libido sexualis had 
noticeably diminished during the summer 1945. 

T/m f resent status was found to be as follows: 

The patient has a typical acromegalic appearance with rough, plump 
features. The nose Was thick and large with broad nostrils. The chin, 
cheek-bones and the region round the eye-brows were strongly de- 
veloped and prominent. The whole head seemed large with prominent 
protuberantia occ. ext. The ears Were large, the aural meatus narrow 
and her hearing was impaired. Her lower lip Was thick and slightly 
everted, the tongue broad and large, and the mucous membrane of the 
mouth seemed on the whole rough and thick. In the lower jaw there 
Were large spaces between each tooth (orailing teeth»). She had deep 
and extensive caries. Her bearing was stooping, and in the thorax was 
found increased kyphosis and moderate scoliosis. Sternum, clavicle and 
ribs seemed thickened. Her hands and feet were enormously enlarged 
with plump fingers and toes. The extremities Were long and 
especially in the distal parts. The skin was rough and had large folds 
and Wrinkles in the face. Diffuse, irregular pigmentations and sma 
fibromas Were found over the trunk and extremities. Secretion or 
sweat seemed diminished. Her hair was coarse and straight, but iamy 
sparse and tbe eye-brown bushy. There was no pallor or icterus. M eight 
65 kg. Height 157 cm. She was sleepy and gave the impression of 
and fatigue. Temp. 37.° 4 0., pulse 76, 

(Kussmaul’s type) with marked aceton odour. Blood pressure 140/9 . 
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There vj'as slight edema of the lower parts of the legs. The thyreoid 
gland Was not enlarged. The liver could not be felt at the costal margm, 
and nothing pathological was to be observed on physical examination 
of the inner organs. The tendon-reflexes of the lower extremities were 
absent, and there was marked tenderness on palpation of the calves. 
No disturbances of motility and sensibility. Plantar reflexes normal on 

both sides. . , . 

Urine was acid, light yellow*, clear, specific gravity 1028. The reac- 
tion of Benedict -{-+ • Bothera d — | — I — (-> Uerhardt -k, Heller +. 
In the sediment were found many short, broad coma-cylinders. 

On admission the blood-sugar concentration was over 385 mg/100 
4 hours later 396 mg/100 cc (Hagedorn-Norman- Jensen). Plasma- 


cc 


bicarbonates: 9.5 m.eqv./l. 

From these investigations it Was clear that the patient, besides the 
signs of acromegalia and polyneuritis, showed the clinical picture 
of imminent diabetic coma, for which reason there Was immediately 
instituted treatment With rapidly-acting insulin, in all 80 I. U. the 
same day with 1 ,200 cc. 2. o % solution of soda bicarbonate intravenously 
and 20 grams soda bicarbonate powder per os. 

After this she regained consciousness and was the next morning 
considerably better with normal respiration. The concentration of the 
plasma bicarbonates had risen to normal values. 


Laboratory investigalions: 

Blood: SB 43 mm/1 hour. 

Hemoglobin 95 % (Sicca) 

Bed blood count 4.13 mill./mm® 

White blood count 10,300 per mm® 

Colour index l.io 
Meinicke’s reaction; Negative. 

Calcium in serum: 10.3 mg/100 cc 

Phosphorus in serum: 3 .g mg/100 cc 

Soda bicarbonate in plasma (Oct. 23.): 27.3 m.eqv./l. 

(The patient had the 2nd day after admission received 60 
grams of bicarbonate of soda per os. Later tliis was With- 
drawn). 

Basal metabolic rate on the 4th day after admission: 126 %. 

The blood/urine sugar relation was as shown in the curve (sec Fig. 1). 


The first 12 days after admission the fasting blood sugar showed 
a nmrked vaTying tendency with values between 140 and 350 mg/100 
cc. pie amount of sugar in urine varied between 70 and 186 grams per 

sugar in the 24.hour urine Was between 

onrlTfin rru urine varied between 1035 

and 1040. The average diuresis was between 1,000 and 2,000 cc with 

a maximum some days of 3,000 cc. The patient daily received large 
doses of insulin — between 72 and 112 L U. per 24 hours '^he 
during tWs time on a diet with 2,230 calorks^ 189 g ca bohyt 
89 g ptoteiDs and lU g fat). Afte BO.no days il,c .frino rSon of 
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aceton bodies became -Weaker, and Eotbera’s reaction, -wkich vr&s 
positive for tlie first days, became negative. 

As can be seen from the curves a sudden change occurred on the 12th 
day after admission. Then the patient suddenly sho-wed symptoms of 
hypoglycemia -with loss of consciousness, convulsions and profuse 
s-weating, recovering after the injection of 50 cc 25 % glucose i. v. + 10 
g of sugar per os. A couple of days previosuly she had complained 
of severe headache and had also vomited. 

The next day after the hypoglycemic coma the fasting blood sugar -lyas 
145 mg/100 cc, and the folio-wing day 86 mg/100 cc, and the urine -was 
free from sugar. The spec. grav. sank to 1016, and the diuresis -went 
do-wn. to under 1,000 cc. 

The insulin -n'as therefore Withdra-Wn, and the patient later on has 
not received any insulin. 

After the withdrawal of insulin caution -Was observed in the admin- 
istration of carbo-hydrates, Which were raised afterwards, until lastly 
all diet restrictions were eliminated, and the patient had the ordinary 
hospital meals. 

During this time the fasting blood sugar maintained low val^s, 
round about 100 mg/100 cc, and the urine was free from sugar. Ke- 
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Fig. 2. 


peated sugar tolerance tests performed in tLis period gave n good 
illustration of tlie course of tlic illness (see fig. 2). 

The first curve shows the result of the glucose tolerance test performed 
4 days after the hypoglycemic attack (Nov. 6, 45) and is typical of 
ordinary diabetes. The second test was carried out one Week later 
(Nov. 11.), and there Was now only an unimportant deviation from a 
normal glucose tolerance curve. Nearly 3 w'ceks after the hj^joglyccmic 
attack the third test showed a completel}' normal curve. (Nov. 22.) 

The. 'patient’s diabetes, loliicli one month freviosnhj had been threaten- 
ing loith regidar diabetic co7na, had to he regarded as cured. 

In the 2 years tvhich have ela'pscd since that time, the j7aiient has shown 
neither subjective nor objective stjtnploms of diabetes. 

The clinical diagnosis of acromegalia was confirmed by X-ray exami- 
nation (Oct. 23, 45). The roentgenogram of the skull showed considerable 
changes in the sella turcica. Processus clinodci ant. w’cro coarse, and 
sella turcica considerably extended downwards and backwards. Proc. 
clin. post, had entirely disappeared, probably as a result of pressure. 
From proe. clin. ‘ ant. toward dorsum sellae Was seen a narrow, 
striped calcium shadow having a bow-like curve. The density of the 
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skull was somewhat increased, and the protuberantia occipitalis ext. 
enlarged. The sinus frontalis as well as the pneumatic cavities of the 
mastoidal region seemed to have increased in extension. 

Roentgen diagnosis; Hypophyseal tumor (see Fig. 3). 

X-ray examination of the hand revealed the changes characteristic 
of acromegalia, with coarse, plump phalanges and large, broad processus 
unguiculares. X-ray picture of the columna showed spondylosis defor- 
mans incipiens and scoliosis. Roentgen examination of the thorax; 
Parenchyma of the lungs clear, normal diaphragmatic movements, 
and the heart was of normal configuration and not enlarged (transversal 
measurement 13.5 cm, the internal diameter of the thorax 29 cm). 

Examination of eyes (Tonjum); Transparent mediums. Visual ca- 
pacity; 5/50, after correction by 5: normal 5/5). Perimetry: Normal 
limits of field of vision and no scotomy. 

Ophtalmoscopy; Normal fundus. 

During the stay at the hospital the treatment ofjhe polyneuritis of 
the lower extremities was carried out with vitamin Bj. For the last 
14 days of hospital observation she was up and about and was 
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discharged in good health, the total time of internment bemg 5 

Tim patient \Yas adviced to come to control at the medical policlinic 
station, but she did not, because she had in the meantime been ad- 
mitted to another hospital on account of languor, anorexia, nausea, 
vomiting, headache and attacks of loss of consciousness with tremors 
duriu<r which she fell down on the floor. She had altogether 3 such short 
attacks, which evidently Were not accompanied by convulsions, paral- 
5 '-sis or, diplopia, but were followed by repeated attacks 9 f vomiting. 

Three months after the date of the first admission in our hospital 
she was readmitted, this time under the diagnosis of pneumonia. 
In the course of a couple of months she developed a marked languor, 
so that she had difficulties in being up and about. She became dull 
and slow and by degrees indolent and disinterested, did not give atten- 
tion to w'hat was going on around her, had a bad inemory, felt the cold 
easily and mostly sat dozing by the stove. She fell asleep as soon as 
she sat down on a chair at all hours. Her voice Was hoarse and sounded 
like a man’s voice. Her skin was dry, cold and peeling, and there was 
considerable loss of hair. Her nails w’ere thick and brittle and grew 
slowly. She never perspired. She suffered from headache, giddiness, 
noises in the ears, shortness of breath on exertion, but no angina 
pectoris. She easily got edema of the legs in the afternoon. 

3 days before admission she got symptoms of an intereurrent air 
passage infection with slight fever, pain in the chest and cough with 
expectoration. Her appetite was bad, and she suffered from a light, 
uncharacteristic dyspepsia, and from a severe constipation. 4—5 days 
passed without defaecation, and it became necessary to use a laxative, 
which, however, had little effect. A couple of days before admission she 
got diarrhea. 

On examination it was astonishing to see how great a change had 
occurred in the patient’s appearance since the last admission. The acro- 
megalic features Were still present, but not so outstanding. Most re- 
markable was the obvious mental and physical asthenia. Her attention 
was difficult to keep and could not be held for a long time. Her power 
of perception was greatly reduced and the memory bad. The answers 
came slowly and hesitatingly in a hoarse, rough and rasping voice. 
Mostly she lay dozing, but was quite conscious and aWare of time and 
place. Her sldn was pale with slightly flushed cheeks. It Was coarse 
and rough with a fine lamellous desquamation and felt cold and dry 
to the touch. It seemed thickened with large folds and Wrinkles but 
was not edematous. The chair of the head was thin, dry. and brittle 

ihe eye-brows were very sparse, and the hair of the axiTla and pubic 
region absent. ^ 

The face itself seemed expressionless, with little facial play, apathetic 
and vacant, the wrinkles of the forehead were large and thick, the eye- 
lids swollen and the orbits narrow. The lips were large the toneue 
moist and clean, but with thickened mucous membrane’. The whde 
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The temperature kept slightly subfebrile the first days, but then fell 
below normal. 

Pulse 80, regular. The following days there came an obvious brady- 
cardia with a pulse frequency around 44. ^ 

Blood pressure 110/75. 

The thyreoid gland was of normal size. No rashes. 

In the fauces was found a little mucous on the posterior pharyngeal 
bnt the tonsils were normal. Over the lungs were heard some sibilant- 
and rhonci, otherwise nothing pathological on routine physical exams 
illation. 

Urinalysis gave no pathological findings. 

Blood sedimentation 65 mm/1 hour. 

Hemoglobin 85 per cent (Sicca). 

Leucoc3’tes 18,500. 

Meiiiicke’s reaction negative in blood and spinal fluid, and the spinal 
was normal on routine laboratory examination. 

X-ray of pulmonarj’- organs; Normal findings. 

X-ray of the skull; Unchanged conditions since previous examina- 
tion. 

Ewald’s test-meal; 150 grams aspirated, well digested. Tree acid 58, 
total acidity 91. 

Benzidine tost in stools: Negative on repeated examinations. 

Cholesterol estimation in plasma; 289 mg/100 cc. 

Serum chloride; 96.i m.cqv./l. 

Alkali-reserve; 21. i m.eqv./l. 

Serum-proteins: Total protein: 6.35 per cent 

Albumin: 3.9i » » 

Globulin; 2.4 1 » ■> 

A/G; 1.C3 

N. P. N: 28.02 mg/100 cc. 

Electrocardiogram showed low voltage in 1st lead and flat T-waves 
in all leads. 

Kcpcated basal metabolism tests showed obviously low values: 

On March 4th: 63 per cent 
» 1) 5th: 53 » » 

1) » 6th: 63 » » 

n » lltli: 66 I) » 

New glucose tolerance tests were performed. One of the curves 
(March the 8th) was rather flat. The fasting blood sugar was low (57 
mWlOO cc). After 68 grams of glucose per os the blood sugar level rose 
to°148 mg/100 cc 45 min. later. After 3 hours it was again down to 61 
mg/100 cc. The other curves were normal (see Fig. 4). 


The clinical picture together witli the tests of the basal metabolic 
rate made it clear that the patient suffered from marked hypothyroidism 
Therefore the treatment with thyreoid gland extract was adopted witt 
doses in the first days equivalent to O.so grams of normal gland and 

increasing up to O.GO grams daily. _ 

Under this treatment there was a progressive improvement in Her 
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condition. Mentally she improved and became amiable and smiling, 
fond of joking, and giving quick «and clear answers when questioned. 
Her voice became less rough and the spcecli normal. She ^Yas no longer 
dull and indolent. The appetite imjn’oved. 

The basal metabolic rate increased to 92 per cent after a fortniglit’s 
treatment, and after 1 month in liosjiital the patient was discharged 
in good health. 

The third admission was on May 20th 1910. 

She had suffered somewhat from dy.spnoea on exertion since her last 
staj', otherwise she felt quite well. Tlie symptoms of hyjio thyroid ism 
had completely disappeared, and the patient's acromegalia continued 
to show a regressive tendency. She stated that Iier hands and feet had 
become smaller. Eings that she previously liad found too small were 
now easily worn, and she used Eo. 40 in ladies’ shoes, while she before 
had used men’s shoes No. 43. 

She had been taking thyreoid extract in doses equivalent to O.no grams 
normal gland daily. 

On the nsual clinical examination, regression of the symptoms of 
acromegalia rvas confirmed, and there were no clitiical signs of hy]) 0 - 
thyreosis. Physical examination revealed nothing of interest. Urina'lvsis 
revealed no pathological findings. 
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Glticose tolerance curve. June 7th 1946. 



The tliyreoid preparation was withdrawn as an experiment, after 
which the basal metabolic rate sank to TO per cent, and the patient 
became more slow and sleepy. The fasting blood sugar, however, kept 
its normal values about 100 mg/100 cc. A glucose tolerance test on 
June Yth showed a normal curve with the usual post-alimentary hypo- 
glycemia (see Fig. 5). 


There was also carried out' two insulin tolerance tests with 5 int. 
units insulin intravenously, the results being as indicated in Fig. 6, 
The first test (May 22.) was performed before the thyroid extract was 
withdrawn, the second (June 1 .) at the time when the basal metabolic 
rate was about TO per cent. 

Tho first curve showed a fall in the Mood sugar 
OR m<y/100 cc to 40 ing/lOO cc after 25 min., the second from 108 mg/lUU 
ll to I'd r^gftOO ee Sr 30 min., with at the same time slight symptoms 
nf bvno(»lvcemia without cramps or loss of consciousness. 

iSrenS toTerance test on Juno 8th with 1 mg subcutaneously 
gave a slow blood sugar increase from 92 mg /lOO cc to a max 
of 181 mg/100 cc after 1 hour 30 mm. (see rig. 0- 


Other laboratory investigations: 

Serum bilirubin; 9 (Meulengracht s method) 
Takata: negative. 

Serum-albumin: 4.09 per cent. 
Serum-globulin; 2.50 per cent. 
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A hormone determination in the urine (Nyegard & Co. Biological 
laboratory) have the follo'wing result; 

Prolan A and B: 33 Mouse-units per litre. 

Folliculin: > 17 < 56 Mouse-units per litre. (Gloss). 

According to comments from the biological laboratory’s manager, 
P. Laland, B. Pbarm., it appears that determination of the gonado- 
tropic hormones shows low values, similar to those found in women at 
this age. The quantity of oestrogenic hormone is normal. He concludes 
i>Unfortuuately it is not possible on this investigation to give any 
information as to whether there are any signs of reduced secretion 
of gonadotropic hormones. The quantities normally precipitated, are 
so small that they are often difficult to find. Any further morbid re- 
duction in the precipitation is not possible to ascertain.# 

The patient wms told to continue with the same doses of thyreoid 
and was discharged in good condition. 

She has later been controlled at the policlinic station up to 
November 1947. For the most time she has been in good health, 
but on the last examination some hypothyreotic signs had reap- 
peared, because she had taken too small doses of the thyreoid 
gland extract. 
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Discussions on the Case Deported. 

Judging from previous clinical experiences and results attained 
by experimental investigations regarding the influence of the 
pituitary on the carbohydrate metabolism, there is reason to 
suppose that the diabetes in our case had arisen as a direct con- 
sequence of the disease of the pituitary. It is supposed that the 
disease in the beginning caused a hyperfunction of the ant. 
pituitary’s gland tissue. Probably there has been an eosinophilic 
adenoma or some hyperplastic process of another nature in the 
anterior pituitary, ■with increased secretion of the gro'wth hormone, 
resulting in acromegalia. During this period the patient had a 
moderate increase of the basal metabolic rate, which might point 
to increased production of the thjrreotropic hormone. Experimental 
investigations have shown that the growth hormone in all prob- 
ability is identical with or at least closety related to the dia- 
betogenic and possibly to the adrenocorticotropic hormone. 
Therefore, it may be supposed that the hypersecretion also in- 
cluded the hormones of the ant. pituitary, regulating carbo- 
hydrate metabolism. 

The glycotropic hormone has an antagonistic effect on the 
endogenic insulin and the diabetogenic hormone causes at the 
same time an increased production of glucose at the expense 
of protein and fat, resulting in acidosis, probably in great part a 
consequence of the hypersecretion of the adrenal cortex. In this 
way we can explain the development of the disturbances in 
carbohydrate metabolism, identical with those seen in diabetes 
mellitus. It seems to us rather unnatural to draw a sharp bne be- 
tween pituitary and insular diabetes mellitus. In the ordinary 
forms of diabetes in acromegalia it must be assumed that the 
endogenic production of insulin is still sufficient to prevent 
serious disturbances in carbohydrate metabolism. The course 
is non-malignant, and there is little tendency to acidosis. The 
restricting influence of the anterior pituitary hormones on the 
endogenic insulin production is not complete, and the diabetogenic 
hormone is not produced in such quantities that it hinders the 
normal carbohydrate metabolism to any extent. The surplus 
carbohydrate-regulating pituitary hormones, however, causes 
more or less resistance to insulin. Where there is a considerable 
hypersecretion of the anterior pituitary hormones which influence 
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carboliydrate metabolism, the clinical picture changes and takes 
more the character of the insular diabetes, which is rather resistant 
to insulin, as was also seen from our case report. This resistance 
may be the only mark of distinction from ordinary insular diabetes. 

It is still, however, an unsolved problem to what extent the 
insulin-resistant forms of ordinary diabetes without signs of 
pituitary disease are of hypophyseal origin. 

In order to explain the progressive course of the illness in our 
patient we must suppose that the pituitary had become the seat 
of regressive changes with hypofunction of the anterior lobe as a 
consequence. The obvious decrease of the acromegalic signs points 
in this direction. We must suppose that the surplus of diabeto- 
genic and glycotropic hormones is eliminated, and then the 
quantity of endogenic insulin can maintain normal conditions in 
carbohydrate metabolism. 

It would have been of great interest to have ascertained whether 
our patient showed signs of pituitary hypofunction, similar to 
those produced in animals in experimental investigations by 
Houssay et al. Animals lacking pancreas and pituitary, have a 
tendency to h 3 ’^poglycemia during fasting. It was supposed that 
our patient had an insufficient production of insulin, and if there 
also was a hypofunction of the ant. pituitary, we might expect 
hypoglycemia during fasting and a considerable supersensitivity 
to insulin. The symptoms in our patient between the first and 
second admission were similar to those produced by hypoglycemia. 
The fasting blood-sugar wms also low during the second stay, hut 
adjusted itself later on up to normal values after treatment with 
thyreoid gland extract. After withdrawal of this medication we 
might have expected a fall in the fasting hlood-sugar values, hut 
no hypoglycemia was found. Neither did the glucose tolerance 
tests show any deviations from the normal, and the result of the 
insulin tolerance tests lay within the limits of the normal variation 
(confer the investigations of Meyer & Melzl (81)). The insulin 
tolerance tests in normal persons show great variations. After 
injection of 6 i. u. of insulin intravenously the blood sugar con- 
centration falls 30—50 mg/100 cc in 2/3 of the cases during the 
first hour. But in some cases where carbohydrate metabolism was 
normal, the fall of the blood sugar concentration was up to 82 
mg/100 cc, Himsworth’s test has not been made. 

The adrenalin tolerance test, carried out to detect any hypo- 
function of the adrenal cortex, showed only slight deviation from 
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a normal curve. In normal persons the rise of the blood sugar 
level should be at least 45 mg/100 cc above the initial value, aiid 
the curve should reach a maximum within one hour. (Broesameln 
(82), Heni (83).) In our case the maximum value of 89 mg/100 
cc above the initial value was reached 1 hour 30 min. after the 
injection. This slight deviation could not give any indication of 
hypofunction of the adrenal cortex. 

Neither gave the determination of gonadrotropic ant. pituitary 
hormones in the urine any results pointing to hyjiofunction of the 
pituitary. From these investigations we were obliged to conclude 
that neither the pituitary nor the adrenal cortex showed an}' in- 
sufficient hormone production at the time wlien the tests were 
carried out. We also had to suppose that the function of the pan- 
creatic islets was reestablished. Neither was there any reason to 
assume that some disease of the liver was the cause of the dis- 
turbances in carbohydrate metabolism. 

The next question was whetehcr reduced produclion of thyreo- 
tropic pituitary hormone could have produced the hyjiothyreosis 
in the patient. The exceedingly low basal metabolic values might 
possibly be assigned to h}^pofunction of the ant, pituitary at the 
time just before the treatment with thjnreoid gland extract. At this 
time we might suppose the adrenal cortex to be in a state of hypo- 
function as a consequence of too little secretion of ndrenocoPtico- 
tropic hormone from the ant. pituitary. It is at any rate difficult 
to explain basal metabolic values of 53 per cent on the basis of 
insufficient thjnreoid function only. The investigations performed 
two months later after the treatment with thyreoid gland extract, 
however, revealed no pituitary hypofuntion. Such a hypofunction 
might after all have been present earlier. A transitory withdraivnl 
of the thyreoid extract could not reestablish tlie previous condi- 
tions, and a more protracted withdrawal was considered too 
rislcy for the patient. 

Determination of the content of thyreotropic pituitary hormone 
in the blood of the patient could not be carried out in our country 
at that time. 


Summary. 

Report js made of a case where tlie patient -- a 4G-year-old 
woman - had signs of acromegalia, and the X-ray picture showed 
a tumor of the pituitary. Three months before admission the 
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IJatient had symptoms of diabetes mellitus, and on examination in 
the hospital she had considerable acidosis ^vith imminent coma 
She recovered after administration of soda bicarbonate and in- 
sulin, but the blood-sugar concentration was still high, and urin- 
alysis revealed a considerable excretion of sugar in spite of large 
doses of insulin. 

On the 12th day after admission signs of hypoglycemia suddenly 
appeared. Insulin and dietary restrictions were withdrawn, and 
after this time there Avas no hyperglycemia and no glucosuria. 
The glucose tolerance test gave in the beginning a jtypical dia- 
betes-curve, later on a completely normal one, and the diabetes had 
to be considered as cured. 

■' Then there developed an advanced hypothyroidism with ex- 
tremely low basal metabolic rate, which, hoAA’ever, remitted after 
treatment Avith thyi-eoid gland extract. The signs of acromegalia 
shoAA’ed regression, and the patient has since been in good health 
and quite fit for A\'ork. 

After a survey of the relation of the hypophysis to the carbo- 
hydrate and basal metabolism, based on studies of the literature, 
the author points out that the AA'hole clinical picture, as reported 
aboAm, may be interpreted as the result of disturbances in the 
hormonal production of the anterior pituitary. A transitory 
hyperfunction of the anterior pituitary is accompanied by in- 
creased production of the groAA-th hormone, resulting in acromegalia, 
and increased production of the diabetogenic and glycotropic 
liormone, the result of AAdiich is disturbance of the carbohydrate 
metabolisjn, resembling those seen in diabetes meUitus. 

The byperfunction is folloAA’’ed by hypofunction of the ant. 
lobe after AAdiicli the acromegalia regressed, the diabetogenic and 
insulin-antagonistic effects of the anterior pituitary hormones 
disappeared, and the endogenic insulin production is noAV suffi- 
cient to re-establish normal conditions in the carbohydrate metab- 
olism. This hypofunction A\'as also supposed to be the origin of 
the patient’s hypothyreoidism on account of decreased produc- 
tion of tliyreotropic hormone in the ant. pituitary. 

Investigations made two months later Avhen the basal metaboho 
rate had reached normal values after treatment Avith thpewd 
gland extract, could not, hoAvever, prove the correctness of this 
hypothesis, and consequently the problems piesente y c 
recorded case arc still open to discussion. 
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The existence of pernicious anemia in childhood is contc.sted by 
many authorities (Bachman, Bass), while others (Karlstrom & 
Nordenson, Murray, Petersen & Dunn) maintain that such cases 
ma)’’ occur. The whole matter is in a way a question of how one 
defines the term opernicious anemia», and e.spccially of whether 
one requires that the criterion of an achylia resistant to histamine 
be satisfied. H. K. Faber, in 1928, described a case, in a child 
nine and a half years old, which is probably the first one found 
in the literature rvhich fulfilled all the criteria for pernicious 
anemia. But whether these h}'perchromic, macrocytic anemias 
be considered as true pernicious anemias or not, they respond 
excellently to liver therapy (Faber, Gerbasi, Langmend A Doniach, 
and others). According to Petersen k Dunn, the use of the term 
))pernicious anemia» should be restricted to those cases which 
fulfill the following criteria: 

1. Macrocytic anemia. 

2. Gastric achlorhydria resistant to histamine stimnlatioju 

3. Arrest of maturation in the bone marrow at the megalo- 
blastic level. 

4. Specific response, i. c. reticulosis, following liver therapy. 

5. Necessity of continuous therapy to maintain a continuous 
remission. 

I believe that the following report may be of interest, ns it 
represents a borderline case in the standing controversy. 

' Jakobshavn, Grcenlnntl. 
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Case Report. 


The patient was a hoy, nineteen months old, horn A?jri) Mi loi- 
admitted to the service November 18th, 1946 (Record L 5/^ith 
the diagnosis severe anemia, acute leukemia. The parents, who were 
first cousins, Avere healthy, the mother thirty years old. The natient 
who had been born at full term with normal delivery, weidiinv^ fion „ 
at birth was the second of two sons; the elder brother was seven 
years old and well. 


According to the mother’s statements and the health nurse’s iourual 
the baby had been only breast-fed until 10 months old, from then un- 
til 14 months old chiefly breast-fed, ivith addition of a portion of gruel 
daily. After the lactation had ceased, he was put on the usual spoon- 
fed baby’s diet, though with some restrictions. Thus, his mother could 
not make him eat bread-and-butter Avith anything laid on, he did not 
tolerate eggs, because they gave him itching skin eruptions’ he did not 
like minced fish; minced meat was not tried. He was given from one 
half to three quarters of a liter milk daily, mostly prepared as gruel; 
also codliver oil; and 

Until he was 1 year old, he seems to have developed normally. At 
9 months he had four front teeth and could stand on his feet; at 11 
months he had all his front teeth and could walk, at 12 months he 
began to be able to speak, and weighed 9,150 g. 

The mother’s great problem bad all the time been his sluggish stools. 
She had made extensive use of soap pills and water enemas, and in the 
last six months before admission she had given him a child’s spoon- 
full of paraffin oil daily. In March, 1946, he had pneumonia, for which 
he was given lucosil, about 1 8 tablets (i. e. 9 g) in all, whereupon the 
temperature became normal. At the same time, he began to have 
alternative!}’' diarrhea and obstipation. The physician called in put 
him on a grated apples and water formula, but as the child would not 
eat apples, he pratically got no food during those days. The mother 
then began to gwe him a diet of weak tea and rusks, and after a while 
a little gruel. This was repeated cAmry time he bad a turn of diarrhea. 
During all this, the boy became listless and pale, and in May to June 
a very distressing stomatitis superA’'ened, which resisted all treatment, 
but at last subsided spontaneously. '^The fall then passed with alternating 
periods of obstipation and diarrhea, during which the boy was practic- 
ally statAmd, though his grandmother kept insisting on the mistake oi 
not giving him any substantial food. Gradually, be became extremely 
pale, and the parents got more and more worried. During the last Aveek 
before admission, his father got the idea that the boy should epven 
a portion of oatmeal porridge and 20 drops of Guttae Ido ai y. 
The mother stated that he had become so weak and delicate that lie 
caught cold, with cough and coryza, at the slightest exposure. 

Plnisical examination. — The patient Aveighed 8,510 g, his height 
was 77 cm. The skin and mucosae were very pale. There were no sure 
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keratoses or pigmentations. On the right cheek and the left liand 
there was a slight impetigo. The eyes were natural. TJicre was nothing 
abnormal in the fauces; the tongue was red; there was no papillary 
atrojdiy. All the front teeth and the lower molars were present, the 
other teeth had not broken through yet. Stcthoscopy of the lungs and 
heart showed normal conditions. The abdomen was soft, there was no 
enlargement of the organs or any abnormal tumefactions. The rigiit 
testis was not in the scrotum. The muscles of the extremities were of 
natural fullness, the reflexes normal. 

Laboratory jindinys. — Gastric secretion fetched up after injcct'on 
of histamine contained acid. Congo/Phenolphthalcin 35/40. The feces 
looked normal, and at microscopj' after Sudan staining no fat was 
found. The reaction to Moro- and Mantoux tests rvas negative. Also 
the result of Wassermann test in the mother was negative. Roentgen 
examination of the lungs showed on the right side a slight accentuation 
of the hilar tracing, which aroused susjncion of ineijnent jierihilar 
infiltration. At 'repeated examination ten months later, the. picture 
was unchanged. 

Hemalologio findings. — Hemoglobin 30 per cent. Red cells 900,000 
per cubic millimeter. Color index L Volume index Lfii. "White cells 
7,640 per cubic millimeter. Differential count: staff cells 2 ])er cent, 
polymorphonuclear neutrophils 12 per cent, lymj>hocyles 84 ])er cent, 
monocytes 1 per cent, reticulocytes O.i per cent. There was marked 
anisocytosis and poikilocytosis. The diameter of the ervlhrocytes 
varied, from 2 to i)~]0 microtis. There wore many macroblasts and 
macrocytes. Histologic examinations of smears from the bone marrow 
(Dr. Soeborg Oiilscn) showed; 


hlycloblasts 

Promyelocytes 

Neutrophile myelocytes . . . , 
Eosino})hile » 

Basophile » 

Metamyelocytes 

Staff cells 

Polymorphonuclear neutro- 
philo leukocytes 
Bosinophile » 

Basophile ,> 

Lymphoblasts 

Lymphocyte.? 

Monocytes 

Plasma cells 

Megacarymeytes 

Reticulum cells 
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Per 400 cells of the white hlood system were found: 

November 21st.. December 4tli. 

0 / 

Erytlirogonia 4 3 

Erythroblasts, basophile ... 2 23 

» , eosinophilc . . 18 36 

Megalogonia 135 2 

MegaloblastSj basophile (1 in 

mitosis) 55 j 

Megaloblasts, eosinophile ... 32 2 

The histologically treated coagulum contained marrow particles 
solely consisting of cell tissue. The most characteristic feature was the 
hyperplastic, megaloblastic erytlrropoiesis. Moreover, there was very 
marked hyperplasia of the m)’elocytic elements. 

Course and Treatment. — As the anemia was so pronounced and the 
child’s general condition so poor, injections of a concentrated liver 
preparation (Exhepa fortior, 2 ml, 4 times in all) were given as soon 
as the perniciosiform blood picture had been demonstrated. The effect 
noticeable. His cheeks got red, he became livelier and began to gain 
in weight. During his stay in the hospital he was given the usual diet 
for spoon-fed infants, betides codliver oil and ferroplex (1 tablet three 
times daily). As the condition was diagnosed as deficiency anemia, 
the liver therapy was suspended, but treatment continued with Bevital, 
a yeast autolysate containing all the known components of vitamin 
except folic acid. There were no dyspeptic troubles, he ate well, and the 
stools were normal and spontaneous. 

At discharge, November 18th, 1946, he weighed 8,950 g (gain 440 g). 
Hematologic examination on December 14th showed red cells 4,200,000 
per cubic millimeter, color index l.i. White cells 16,240 per cubic 
millimeter, with 2 per cent staff cells, 44 per cent polymorphonucleax 
neutrophils, 8 per cent eosinophils, 42 per cent lymphocytes, 2 per 
cent plasma cells. No immature cell forms in the peripheral blood. 
The red blood picture had become almost normal. 

When seen for control December 18th, a month after discharge, he 
was thriving well and weighed 10 kg. Hemoglobin was 92 per cent, 
red cells 4,340,000 per cubic millimeter, color index, 1.0, volume index 

1.0. White cells 12,960 per cubic millimeter, with polymorphonuclear 
neutrophils 35 per cent, staff cells 2 per cent, eosinophils 3 per cent, 
lymphocytes 60 per cent. The red blood picture normal. 

When next seen for control. May 10th, 1947, the child had os 
weight, was now weighing only 9.8 kg. The mother complained a 
he had lost appetite, and there had again been diarrheas, alterna mg 
with periods of obstipation. Moreover, there had again been stomatitis. 
The mother had followed the hospital’s prescriptions for his diet closeij , 
and had given him food rich in vitamin Bi. Hemoglobin 53 per cent, 
red cells 1,930,000 per cubic millimeter, color index 1.33, volume index 

1.1. White cells 5,560 per cubic millimeter. Differential count showed 
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On account of this development, the patient was re-admitted. Frac- 
tional analyses of gastric secretions showed abundant acid (see Fig. 1). 
In spite of ferroplex and peroral and parenteral administration of Be- 
vital, there was continued loss of weight, the hemoglobin level dropped, 
and not until liver therapy was again instituted did remission sot in 
and the child was discharged in a state of progredient improvement, 
with prescription for continued liver treatment at home. 

Wlren seen again for control August 13th, 1917, ho had been getting 
along nicely and had gained in weight. He had been given Exhepa 
fortior, 2 ml every two weeks. Hemoglobin was 92 per eent, rod colls 
4,340,000 per cubic millimeter, color index l.o. White cells 10,640 per 

35 — '/82J74. Ada mcd. scandimv. Voh CXXXl. 
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cubic millimeter. Differential count sbowed staff cells 4 per cent, 
polymorphonuclear neutrophils 38 per cen , cosi ^ j 

lymphocytes 56 per cent. There were no immature cells m the per ipli 
eral blood. The red blood picture had become almost normal. 


Discussion. 

A characteristic feature of the case was the infection, followed 
by gastrointestinal disturbances, and in this respect it quite re- 
sembles the cases reported by Bachman and Bass. According to 
Bachman’s theory, the macrocytic anemia should be due to in- 
adequate nutrition, combined with low acid values oving to the 
infection. It must also he considered if the preceding sulfon- 
amide treatment may not have been a contributing causative 
factor. According to American studies, certain bacteria in the 
human organism are capable of synthetising anenrinc and nico- 
tinic acidamine, hut the process can be prevented by certain 
sulfonamides (Najjar &. Holt; Najjar; Johns; Fleischman A. Holt; 
cit. by Schonheyder). 

The literature contains many reports of niacroc}d.ic anemias 
due to inadequate nutrition. "Wills A. Evans have rcj)orted cases 
from India, but also in the southern States of the U. S. A. many 
cases are said to occur (cit. from Hagtvedt). In our latitudes, the 
occurrence of macrocytic anemia is rare ( Alstcd; Grocn A. Snapper). 
In our case, B-idtamins had no effect on the anemia, no matter 
whether administered perorally or parenternlly. Only liver seems 
to contain the substance necessary for the normal crytliropoiesis. 
If we hold to the stringent criteria for pernicious anemia specified 
above, the present case cannot bo accepted as pernicious, though 
liver alone contains this specific substance. The gastrointestinal 
symptoms, the stomatitis and the macroc}’tic anemia make one 
think if this substance might not be tlic Jactobacillus casoi factoi , 
alias folic acid, alias vitamin M, alias vitamin B,,. 

Megaloblastic anemia is probably not very rare, cither; at least 
Zuelzer & Ogden have recently reported twenty-five cases from 
the U. S. A. They consider the typo to represent a special form of 
reaction in young organisms. The cases in which the patient did 
not succumb to the infection u'cre cured in very short time with 
fohe acid, some even without the employmoiit of any therapy 
at all. Our case has now been followed for ten months, and so far 
It does not seem tliat the child is able to get along without the 
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liver treatment. Peterson & Dunn followed a case of a child thii- 
teen months old at first admission for five years, and believe that 
it must be considered as one of true pernicious anemia. 


Summary. 

The author reports a case of megalocytic anemia vith free acid 
in the stomach, in a child nineteen months old, and discusses the 
etiology and pathogenesis of anemia. Diet suitable for the age of 
the patient, together with iron, B-vitamins and Exhepa foitior 
brought speedy recovery, but cessation of the liver therapy soon 
resulted in relapse despite an otherwise sufficient diet; and only 
resumption of the liver treatment brought abatement of the 
symptoms. 
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In a previous publication we bave dealt with some furely 
technical sources of error in erythrocyte counting. In this article 
we will discuss some points in the technique of talcing blood sam- 
ples. 

When blood capillaries are severed, there immediately sets 
in a reaction of the blood vessels. This is manifested by a spasm 
in the damaged capillaries, so that the circulation therein practi- 
cally ceases. The blood is conveyed over to neighbouring capil- 
laries through intercapillary anastomoses. 

The spastic period is of varying duration, usually from 10 to 
30 seconds. Clinically, this period is characterized by scanty 
bleeding. 

During this time the xeparatory processes have begun, with 
softening of the vascular wall at the site of injury, and have 
supplied the basis for the thromhocyte-thrombns formation that 
gives rise to the intravasal hemostasis. In the blood that oozes 
out and stands in contact with the cut-surface, the coagulatory 
processes come into action. 

In normal individuals this physiological hemostasis is complete 
after 3 or 4 minutes {»the bleeding time))}. 

Supported by grants from Freia Chocolade Fabriks Ble- 
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In view of these circumstances we can therefore expect to find 
only a very short period of normal blood-flow outward, i e 
a flow of blood which in quality and quantity corresponds to" the 
intravasal blood current under physiological conditions. In prac- 
tice, we can therefore speak of normal flow of blood for a short 
time after the first spastic period is over, as will be seen in one of 
the later-described experiments. 

The most practical mode of procedure for ascertaining the 
influence of the different reactions on the erythrocyte values will 
then be to make examinations of the blood samples as frequently 
as possible after the puncture and to compare these with a »con- 
'stant blood», for example, venous blood. 


Methods. 

AYith sufficient assistance and precaution we were enabled 
to make examinations at average intervals of from 10 to 15 
seconds, TJie first examination could in general be made 8 seconds 
after the punctiun (we are here reckoning with the time until 
the blood is drawn into the pipette and transferred to the diluting 
liquid). In this manner we usually were able to make from 8 
to 10 examinations without difficulty, the last examination being 
made about 150 seconds (2 Yz minutes) after the puncture. After 
tliat time the reparatory processes at the site of puncture began 
to come into action (fibrin filaments, small coagula, poor flow of 
blood). Blood samples w'ere taken from ears and fingers. 

As basis of comparison was used venous blood taken from the 
median cubital vein through puncture with a Wassermann cannula. 
Tourniquet was not used for these punctures. 

The venous blood values remain constant during the period 
under considerations, as is shown by tbe following experiment: 
In three persons venipuncture was made every second minute 
during 10 minutes (6 punctmres in each person). The average 
erythrocyte values are given in Table 1. 

Table 1. 


BesuH of Brvlhroojte Counts in Serial Examinations of Venous Blood. 


Time in min, j 

1 0 

2 

4 

1 6 

P 

8 


1 

Erythrocytes j 

1 

4,013 j 

1 

4.038 j 

; 4.63S 

1 

4.033 

1 j 

I 4.046 1 

: 4.639 

1 i 



STUDIES OF ERYTimOCYTE COUNTING. 

In the following diagrams we have therefore found it permissible 
to employ a straight line to denote the venous blood value, it is 
to be noted that the individual erythrocyte values in venous 
blood showed no greater variations than are recorded in the 
table of averages. 

I¥hen using the above-described method we found it of im- 
portance to consider the following problems (named in schrono- 
logical)) order). 

1. Influence of sldn-cleansing by ether ()>hypercmisationi> or 
not?). 

2. Choice of puncturing instrument. 

3. Influence of pressme around the site of puncture (for ex- 
pression of blood). 

4. Effect of wiping off the first drop of blood (as is often done). 

5. Choice of ear-blood or finger-blood. 

6. At what period of time after the puncturing can the capillary 
blood be regarded as )>normal blood))? 

Of these questions the last two were found to be of greatest 
importance, and therefore the chief attention was devoted to them. 
The first four questions were made the subject of orientative 
investigations. 


Cleansing of tlio Shin. 

Ether is usually employed for desinfection of the part of the 
slcin in which the puncture is to be made. In addition to dis- 
infection, it is generally sought to produce a so-called Dliypcr- 
emia» at the site of the puncture by massaging with the ether- 
soaked wad of cotton, especially if skin is pale. It is sought to 
attain a red and shyperemio) finger-tip or ear-lap. 

In order to ascertain whether this »hyperemisntioni> has any 
influence on the result of the count, tlirec persons rvere investi- 
gated for that purpose. 

Technique: One finger-tip was massaged for about 15 seconds 
with a wad of cotton soaked in ether, while another finger-tip 
was merely washed over (»touched)>) with the cotton-wad (in the 
first four experiments only finger-blood was used). 

The results are shown in Diagram 1. 

As is seen, all the erythrocyte values are somewhat lower where 
the finger has been rendered liyperemic. It is also seen that this 
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Diagram 1. 

The results of frequent erythrocyte counts in finger-blood after washing slightly 
with ether (A) and after yigorus hyperemisation (B). 


effect persists for nearly 2 minutes (about 110 seconds) after tbe 
puncturing. ^ 

It is then found that the finger-blood after hyperemisation 
shows on the average a 5 per cent lower content of erythrocytes 
than finger-blood without hyperemisation. 

This may be explained by the assumption that on hyperemisa- 
tion there occurs a temporary dilatation of the capillaries through 
oozing in of fluid from the tissues, whereby the blood is diluted. 

The fall in erythrocyte content is not great, but it represents a 
source of error that may easily be avoided. It is to be supposed 
that the same effect will be produced on use of other methods for 
rapid hyperemisation of the sldn. Meanwhile, it indicates that skin 
ought to have a ))standard» temperature, if correct results are to 
be attained. 
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STUDIES OF erythrocyte COUNTING. 

Althougli the investigations are few in number, yet they go to 
show that massage of the site of puncture ought to be avoided. 

Iiistruiuent Used for Puncturing. 

Our impression was that the erythroo}’te values vere a good 
deal less uniform when a scarificator was used for puncturing tlian 
when we used a sharp loiife. 

With use of the same technique as before, it was found tliat 
in three subjects of experiment the average (levmiion from the 
venous blood value (taken as 0-point) was 58 per cent greater 
after puncturing with scarificator than after puncturing with 
knife, and that the average range of variation around the true 
venous blood value was 3 per cent with use of scarificator and 
1.9 per cent with use of Imife. 

This may possibly be ascribed to the construction of the scari- 
ficator, which usually have a conical edge. Moreover, the place 
of puncture is subject to a sudden pressure when the spring is 
released. Por both of these reasons the capillaries sustain more 
injury than would be cause by a thin narrow knife guided by a 
light hand. 

In oui- opinion therefore a scarificator is here not very suitable 
for use in taking blood-samples. 

Pressure to Force Out the Blood. 

Occasionally the flow of blood from the puncture may be 
scanty, especially if the incision is small and shallow. It is usual 
to provoke a better outflow by exerting pressure on the parts 
around the puncture. 

From 5 parallel counts made in order to ascertain the influence 
of such pressure on the erythrocyte content it was found that 
the number of erythrocjdes rose by from 'i.l to 9.5 per cent, tlic 
average rise being 7.5 per cent. In one case, where very strong 
pressure was employed, there was a rise of no less than 2G per cent! 

Accordingly it seems that by pressing out the blood from the 
puncture there is introduced a source of error tljat may be very 
considerable. 

The experiments thus confirm the old rule that copious bleediim 
IS necessary. ® 

This IS attained by making the puncture a little deeper and 
broader than is usually prescribed in directions for laboratorial 
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According to our experience, satisfactory bleeding can be ob- 
tained by making tbe incision about 4 mm deep and 3 or 4 mm -wide. 

Wiping Off of Blood. 

It is usual to -wipe off tbe first drop of blood that appears. 
This procedure is, quite correctly, defended on tbe grounds that 
tbe first blood that comes bas not tbe right composition. 

Tbe question now is whether tbe wiping away of this first 
drop of blood leads to new reactions at tbe site of puncture. 

This matter bas been investigated in four subjects, with tbe 
previously described technique. 

Tbe results are shown in Diagram 2 and 3. 



10' 20' 50' W 30" UC' 130’ 

Diagram 2. 

Results of erythrocyte-counts in finger-blood, where the first drop of blood 
was not wiped away. 
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Diagram 3. 

Results of similar experiment after wiping off the first drop of blood. 
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STUDIES OF BnrrUROCYTE CODKTING. 

It is seen that the erythrocyte values are less uniform after 
wiping than when the blood is allowed to flow freely. 

Numerically, it is found that the oncmi deviatton from the rea 
venous blood value is 2.5 per cent for finger-blood after wiping and 

l.S per cent without wiping. _ f i r 

Thus there is no justification for wiping off the first drop oi 
blood. On the other hand, it shall not be used for analysis, but shall 
be allowed to flow away. 

The conclusion to be drawn from this experiment therefore 
is that the blood shall be allowed to flow freely and undisturbed. 


Ear-Blood or Finger-Blood? 

On this question there has been a lively discussion, which has 
gone more and more in favour of finger-blood. 

Meanwhile, it is a fact that ear-blood is still lieing employed 
in most of the routine investigations. Technically and psycholog- 
ically, the ear-lobe is a far more advantageous place for the in- 
cision than the finger-tip. The patient need not see the knife 
or the actual puncture, and the ear-lobe is less sensitive than the 
tip of the finger. It is therefore natural that thc.se points should 
weigh heavily in dealing with patients. 

The question then is, whether car-blood and finger-blood can 
be put on a level with venous blood. Venous Idood is to be pre- 
ferred. But the use thereof is limited in practice for several rea- 
sons: More circumstantial procedure (including preparation of the 
syringe etc.), discomfort for the patient from the puncture, dif- 
ficulty of execution in case of young children and persons with 
small and deep-lying veins. 

The problem: ear-blood or finger-blood? has therefore been 
investigated with the above-described technique in 10 persons. 

The results are given in Diagram 4 and in Table 2. 

It is here very distinctly seen that in its content of crjiihrocytes 
finger-blood comes very close up to venous blood. Further, that 
finger-blood is far more stabile in character than car-blood (Cfr 
Gregers Sorensen: Nord. Med. 1941: 10 : 117.) The range of de- 
viation lor the ear-blood values stretches from 1.5 to 7.6 per 
cent, for the finger-blood values from 0..5 to 4.8 per cent. 




Teriod of Time at which the Blood becomes ^Norrnak 

Meanwhile, it is important to note %ohen the above-mentioned 
extreme values appear, and it is then natural to try to establisL 
in what time after the incision the capillary blood can be re- 
garded as morrnal blood». 

We note that the erythrocyte values for ear-blood, besides 
showing a greater range of deviation from the venous blood values, 
also display large and irregular (unsystematic) variations during 

the whole period of observation. 

The finger-blood values, on the other hand, show a far more 
regular variation, Avith the greatest deviation at the beginning 
(in the first 20 seconds) and at the end (in the last 20 seconds) 
of the observation time. This accords well with the clinical ob- 
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servation: scanty, uneven bleeding in the beginning and restricted 

bleeding at tlie end. x 

On closer examination we furtlier find tliat in finger-blo d 

the erythrocyte values differ very little from the venous blood 
value in the period from 20 to 50 seconds after the puncture and 
that during that time, about half a minute, they remain fairly 
constant, ivithout any variation. After this period there is seen 
a greater difference, with n relatively steady tendency to rise. 

It seems therefore, in the first place, justifiable to employ 
finger-blood instead of ear-blood. In scientific work ear-blood 
must be deemed unsuitable for the counting of erythrocytes. 

Secondly, it seems justifiable to regard the capillary blood 
as ))normal» in the period from 20 to 50 seconds after the incision. 

As a practical rule it may therefore be said that we should 
w'ait half a minute before drawing up the blood into the pipette 
for examination. 


Summary. 

An account is given of some investigations respecting the 
technique adopted in talcing blood-samples for the counting of 
erjdhrocytes. 

After mention of the processes that come into play on severance 
of capillaries there is described a method of studying, with fre- 
quent observations, the influence of these processes on the content 
of erythrocytes. By use of this method the following results were 
attained; 

1. There is found some reduction (about 5 per cent) of the 
erythrocytes on hyperemisation of the skin with ether. By simply 
washing the site of the incision with ether this source of error is 
avoided. 

2. Use of a scarificator leads to greater reflex reactions in the 
vessels than use of a narrow, sharp knife. 

3. Pressure around the site of puncture for the purpose of 
obtaining more copious bleeding may have a marked influence 
on the results of the counting. Such pressure is therefore inad- 
visable, and an incision 4 mm deep and 3 or 4 mm wide is recom- 
mended in order to produce satisfactory bleeding. 

4. There is found no justification for wiping away the first 
drop of blood that appears after the puncture. Such a procedure 
leads to undesirable variations in the number of erythrocytes 
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5. It is found tliat the erythrocyte values in ear-hlood are 
irregular and show a large range of deviation. Einger-hlood 
comes close up to the venous hlood value and is free from the 
great variations shown hy ear-hlood. 

6. It is shown that finger-blood can be regarded as »normal 
blood)) from 20 to 50 seconds after the incision. It is therefore 
recommended that the blood should be drawn up into the pipette 
half a minute after the puncture, provided there is free and un- 
disturbed flow of blood during that time. 
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CoiiiparfttiYC Studies ol tlic Ijilcct ot Some 
Yasodilators in Angina Pectoris. 


By 

EBBE NYIitAN, M. D. 

(Salimifted for publication Dercmber If), 1947.) 


Quantitative comparative studies on tlic effect of symptomatic 
medicines in man have hitherto been conducted on far too limited 
a scale, and this is especially evident when \vc compare them 
with the extensive work that has been laid down on animal 
experiments from the same point of view. A good illnstration of 
this is the work done in connection with vasodilativc drugs, the 
use of which is enormous in practice and is based on traditions 
dating back ninety years. Thus, amylnitritc was first introduced 
in 1860, by Lauder Brunton, and quite independently of tins, 
nitroglycerine was also brought out in the same year, by Kichard- 
son. 

Our defective knowledge regarding the quantitative effect of 
the different vasodilativc drugs in man under physiologic and 
pathologic conditions is partly to be explained by the lack of 
objective, reproducible function tests that has hitherto existed. 

The vasodilativc drugs, of which the nitrite group in its widest 
sense is of chief interest in this connection, act, as we know, on 
the finer blood vessels by causing direct relaxation of their muscle 
tissue. When coronary sclerosis with more or less rigid vessc 1 
segments is present, the effect must bo attributed to dilatation of 
non-rigid collateral vessels, which are often present in large 
numbers. The fact should, furthermore, be stressed that the value 
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of nitrites in angina pectoris is not in itself connected with the 
depressor action which is one of the most striking pharmaco- 
dynamic effects of these substances. 

^ The value of nitrites in angina pectoris thus does not originate 
directly from their depressor action in hypertension, in essential 
hypertension, for instance. The investigations on man on which 
the current opinion as to the effectiveness and duration of action 
of these substances is based have been carried out mainly on 
series of patients with hypertension. On the basis of these findings, 
nitrite has been grouped in a series in which the quickest and short- 
est effect is achieved with amylnitrite and where the isomannide 
and sorbide compounds ate those taldng the longest time to take 
effect and lasting the longest. Nitroglycerine lies fairly close to 
amylnitrite, while sodium nitrate, erythrol tetranitrate, penta- 
erythrite tetranitrate, and mannitol hexanitrate occupy an inter- 
mediate position in both these respects. Tor details, the reader is 
referred to Goodman and Gilman (1941), Tlodmark and Wramner 
(1943), Goldberg and Porjc (1946), and others. 

The sparsely reported investigations^ on the effect of nitrite 
compounds on the working capacity of patients with angina 
pectoris, where the function problem, in other words, has been 
the main subject of study, are of particular interest in the present 
connection. Thus, Wayne and Laplace (1933) foimd that nitro- 
glycerine, in a dose of 0.65 — ^2.0 mg, increased the work tolerance 
by between 30 and 150 per cent in 10 out of 11 cases of angina 
pectoris, and that in every case the pain provoked by the work 
was of shorter duration than it would otherwise have been. The 
function test used in this series was walking on a staircase. Master, 
Jaffe and Lack (1939), on the other hand, found that in a little 
over 100 policlinic patients with angina pectoris nitroglycerine 
and sodium nitrite, among other compounds, gave no better 
results than placebos. The calibrated and reproducible tests 
for cardiopulmonal function that are now available allow us to 
study this question more satisfactorily. 


The Author’s Investigation. 


The cardiopulmonal function test employed in the investiga- 
tions to be described here is the test that has been m use for 


1 After this paper was written, «« if e|tigation concernins the effect of 
phylline and nicotine acid was published by Snopanki in Nord. Med. 1947, .ifi. 





Fig. 4. Fig. o. 

Fig. 4. EGG immcduitcly !ift«r In-poxcmin test. (0 % Oi in X-.- for S min.). 
Fig. . 0 . EGG immediately after liypoxcmia test and chilling Os in X: 
during 8 min. and a piece of iee in one haiid). 


jXi'JiAN: Effect of Some Vasodilators in Angina Pectoris. 
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sclieme shown in table 1. The Avbole series of experiments was 
earned out within the course of one month and the tests were 
made at the same time each day. 

Experimental subject. A 35 year old butler who had had mild 
polyarthritis without after-effects at the age of 20, was used as 
the test subject. He was a moderate smoker. No venereal infec- 
tion. Since 1943 he had had angina pectoris pains with the typical 
localization and radiation in connection with rapid walking 
running and bicycling uphill. The pains increased in severity in 
cold and windy weather. Examination showed a heart of normal 
size and configuration. No physical or roentgenographic signs of 
organic heart disease. No signs of sclerosis or tkrombo-angiitis 
obliterans in the peripheral vessels. Wassermann’s reaction in 
serum negative. BCG at rest, normal (fig. 1). During the func- 
tion test (in a bicycle ergometer, 600 kg/min. for 4 minutes) 
anginal pains developed regularly after about 2 minutes and an 
ECG showed sure signs of coronary insufficiency (figs. 2 and 
3). The diagnosis of disease of the coronary arteries received added 
support from the hypoxemia test, which showed an unequivocally 
pathologic picture when it was made more difficult by chilling 
the patient (figs. 4 and 5). 

All the tests with vasodilators Avere carried out under uniform 
standard conditions. Control tests were made before each test 
with the drug; and at each function test performed Avithout pre- 
vious preparatory treatment with a drug, anginal pain appeared 
with great regularity after about 2 minutes’ work. The results 
will be best seen from the accompanying table. 

Discussion. 

The best effect, both on the duration of the pain-free working 
period and on the ECG, was obtained on the administration of 
a drug with a rapid action shortly before the start of the function 
test. Thus, nitroglycerine doubled the length of the pain-free 
period and had a noticeably favourable effect on the electrocardio- 
gram. Theophylline with ethylenediamine, administered intra- 
venously, also prolonged the pain-free period considerably and 
the ECG was likewise influenced favourably. Theophylline uuth 
ethylenediamine given by the oral route also had a good effect 
on the pain-free period while the corresponding effect on the Etu 
was not so striking. Sorbide dinitrate by mouth had some pro- 
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longing effect on the pain-free period; it did not, however,^ cause 
any change in the EGG. Papaverinehydrochloride, adnumstered 
intravenously, improved the EGG considerably but did not alter 
the duration of the pain-free period. Einally, local anesthesia 
vdth novocaine over the sternum prolonged the pain-free period, 
shifted the pain higher up, and had some effect on the EGG, 
which was surprising. 

The results do not, of course, allow any far-reaching conclusions 
to be made. They nevertheless confirm certain empirical experi- 
ences with regard to the effect of vasodilators in angina pectoris. 
One fact that comes out clearly is that a sure effect is only achieved 
if the drug being tried is given in a readily absorbable form in 
immediate connection with the function test. With the possible 
exception of sorbide dinitrate, which seems to possess a fairly 
high degree of effectiveness, relatively small peroral doses of the 
drugs with a slower action do not seem appreciabl}’’ to increase 
the functional capacity. The dose of theophylline with ethylene- 
diamine per os that was used in these experiments does not 
justify the rawing of optimistic conclusions, since 0.20 g 3 times 
a day cannot be used in all patients, owing to toxic reactions. 
The good effect of nitroglycerine is still further illustrated by these 
experiments, and likewise that of theophylline with ethylene- 
diamine when administered intravenously. 


Summary. 

A comparative study of the effect of a number of vasodilative 
compounds on a young individual with angina pectoris whose 
coronary function was tested by bicycle ergometry and electro- 
cardiography after the administration of various drugs. Nitro- 
glycerine successfully defended its abeady well-grounded reputa- 
tion as a good vasodilator. The effect of compounds having a 
slower action was not so convincing. TheophylKne with ethylene- 
diamine, when administered by intravenous injection, also had 
remarkably good effect. 
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CIirysotliGrapy ‘Wid its ^^Toxic” Reactions in 
Rhenmatoid Artliritis. 


, By 

G-UNNAR EDSTROM. 

Land, Sweden. 

(Submitted for publication November 28, 1947.) 


The three great chronic infections diseases, tuberculosis, syphilis 
and rheumatism, have certain clinical features in common. This 
is so because many dominating clinical manifestations of these 
diseases are nothing but secondary manifestations in the morbid 
process, they are allergic or hyperergic reactions. The common 
features and syndromes are the pronounced hyperergic ones. The 
differences between the clinical pictures, on the other hand, are 
due to the etiological factors. More and more e%'idence has been 
brought to light indicating that streptococci, especially y9-hae- 
molytic, play an important role in the etiology of rheumatic 
infectious processes, both the rheumatic fever and the rheumatoid 
arthritis (sciatica, arthrosis, and so on do not belong to true 
rheumatic infection). 

In the case of rheumatic infectious process — as well as in the 
other chronic infections — the clinical picture, however, is char- 
acterized not so much by the etiological factor as by the secon- 
dary reaction, the allergic reaction, sometimes extended to metal- 
lergic or pathergic reaction, and this allergy is not equally pro- 
nounced in all the clinical pictures. In the clinic we come across 
the whole scale from the most turbulent hyperergy to true anergy. 
The highest notes, representing the most turbulent hyperergy, 
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fall within the area of rheumatic fever, but the long scale of 
diminishing allergic reaction down to true anergy is present in 
the^ extensive group of rheumatoid arthritis, thereby creating 
variable clinical pictures of disease (Edstrom, 1940). 

Theppy must therefore be directed partly against the origin, 
the etiology, of the rheumatic infection, partly to bring about a 
blunting of the hypeiergy and an alleviating of the patient’s 
most troublesome symptoms, which mostly stand in close connec- 
tion with this hyperergy. 

The effect of salicylates and amidopyrine on these conditions 
of disease lies in the fact that they blunt the hyperergy, they 
close the capillary walls and suppress the tissue oedema (Eppinger, 
1936, Fischer & Wersig, 1936, Dworacek, 1939). They therefore 
have a good effect on turbulent cases of rheumatic fever but in 
most cases not so good an effect on rheumatoid arthritis. 

Much of our symptomatic therapy in these conditions, such as 
treatment with hot baths and mud-packs, is also directed prin- 
cipally against one of the most striking hyperergic features in the 
clinical picture, the peripherally impaired circulation (Edstrom, 
1940). 

In our anti-infectious therapy at present the treatment with 
gold salts plays the most important role. Treatment with sera and 
vaccines has not given so good results, and nor has the administra- 
tion of sulfonamides, penicillin, streptomycin. The gold salts 
produce their best results in rheumatoid arthritis but have little 
effect on the turbulent symptoms at onset of rheumatic fever. 

Gold salts however, do not form the ideal anti-infectious drug 
we are looking for in rheumatoid arthritis because 

1. they are toxic; 

2. not all patients respond to them; 

3. in a moderate percentage the arthritis recurs following 
cessation of chrysotherapy (Comroe, 1944). 

The »toxic)> reactions are the biggest crux. They come quite 
irregularly, may occur following even small doses, ^ and their 
severity and duration are very capricious. According to our 
experiences, they seem to be not so much toxic as a result o 
hypersensitiveness of the organism towards the drug. 

To find out whether there may be some connections between the 
gold concentration in the organism and the excretion of the. gold 
during the gold therapy and these »toxic» reactions we have, at 
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the Rheumatological Department of the University Hospital 
in Lund, investigated the concentration of this substance m 
plasma and urine during gold therapy in cases of rheumatoid 
arthritis with and without such »toxic)> reactions. 

To determine the gold concentration we have used a spectro- 
photometric method on the same principles as Gantzel & Lar- 
sen (1943). We determined the gold level in the plasma and urine. 
Most of the excretion of gold from the organism passes through 
the kidneys (Freyberg et al. 1941). The gold preparations used 
have been Solganal B oleosum (aurothioglucose) or Ncosolganal 
(aurokeratinate). 

Thirty-three cases have been followed in this way with deter- 
minations of the gold level in the plasma and urine during gold- 
therapy. Eight of them had Dtoxioi reactions, six of these der- 
matitis, one had gastro -intestinal symptoms and one transient 
albuminuria. Two of the dermatitis-cases were severe with bad 
pruritus and rash, going over into exfoliative dermatitis with a 
duration of about 6 — 8 weeks before improvement. Four of them 
were mild cases where er)dhcma and pruritus had totally dis- 
appeared after 2 — 3 weeks. The case with gastro-intcstinal symp- 
toms showed aphthae and a mild diarrhoea for some days. That 
with albuminuria showed this reaction for about two weeks but 
no pathological findings in the urine sediments. 

No statistically significant difference was found — whether 
in the plasma gold level or in the urinary excretion of gold — 
between the cases with and without »toxic» reactions. 

In Fig. 1 a typical curve of a case without ))toxic» reaction is 


presented. Especially this case showed the highest value (0.41 mg 
per 100 ml) of gold level in plasma. Another case, which had been 
given Ncosolganal in the same doses, showed the next liigh value 
(0.38 mg per 100 ml). This case, too, gave no ))toxic» reaction. 
Among the cases that had been given Solganal B oleosum, the 
highest values of the plasma gold level were resp. 0.3G and 0.33 nm 
per 100 ml. These cases also showed no Dtoxici) reactions. 

In one case (Fig. 2) the patient got a taste of metal in his mouth 
during the gold therapy. The interesting fact here was that this 
taste did not appear when the patient had his highest gold level 
in the plasina but later when this gold level had already dimin- 
ished to below 0.08 mg per 100 ml. The gold concentration in 
mouth mucous membrane seems not to follow the plasma gold 
level, It seems to be a later accumulating effect there. 
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Fig. 2. 

Kg. 3 illustrates a case with a mild )>toxic» reaction. In that 
case the first stoxio) reaction appeared when the plasma gold 
level was at its highest point {0.22 mg per 100 ml). The symp- 
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toms of aphthae and diarrhoea Avere rapidly transient in some 
days. 

In Fig. 4 the case with the most severe »toxic» reaction of the 
whole series is presented. The first sign of )>toxic)> reaction here 
did not appear nntil six Aveeks after the last gold injection. In 
this case we got a very severe »toxici> reaction with exfoliatiA’’e 
dermatitis that needed attendance at the Dermatological Depart- 
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ment for some weeks, before tbe patient, a female, improved. At 
the time the »toxic» reaction came the gold level in the plasma 
was low and the daily excretion in the urine also showed low 
values. 

The other severe case with exfoliative dermatitis got her 
exanthema after she had been administered a total of 0.66 g Sol- 
ganal B oleosum. In the middle of the cure intended, four days 
after the last injection of 0.10 g Solganal B oleosum — the injec- 
tions were given at six days intervals ~, the exanthema appeared 
when there were a plasma gold level of 0.05 mg per 100 ml and a 
normal concentration and excretion in the urine. 

As regards the four remaining cases of dermatitis the plasma 
gold -level in two of them had been exceeding the' highest values 
and were only resp. O.Oi and 0.05 mg per 100 ml at the beginning 
of the exanthema. In the other two this level was at the highest 
point, resp. 0.18 and 0.15 mg per 100 ml. Also in these cases the 
excretion was medium good. In these four cases the exanthema 
were more transient. 

As seen, we have found no parallelism between the gold level 
in plasma and urine and the appearance of ))toxici) reactions. 
Gold values of plasma and urine vary with the size and the inter- 
vals of the doses but are not directly proportional to this. Shortly 
after injection we find gold in plasma and urine and gold seems 
to enter very rapidly almost every cell of the body. The greatest 
concentrations, however, are found in the liver, spleen, kidneys 
and skin (Rosenberg, 1942). It can be that if we had had the 
possibility to follow the gold concentration in these organs, we 
could have found any more parallelism, but it is more probable 
that at bottom these »toxic)> reactions are more an expression of a 
hypersensitiveness of the organism to gold than of real toxic origin. 

Therefore we have no means of avoiding them. They may come 
when we least expect them. They may come if we use small doses 
of gold and if we use larger ones. Sundelin (1941) is of the opinion 
that large doses are no more toxic than small, though most obser- 
vers do not agree to this (Comroe, 1944). According to Comroe 
(1944) and Hartung (1943), these reactions may occur following 
even small doses of gold, though they are usually less severe an 
of shorter duration than those which may follow large doses o 
gold salts. After our experience we agree with them. 

Judging from the experience in our clinic also, a well-balanced 
high vitamin diet is of importance for avoiding a high per cen 
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of the thyreotropic anterior pituitary hormone. Attempts have been 
made with injections of the hormone into patients suffering from 
hypothyroidism, but the results have not been favourable. No 
increase of the secretion of the thyreoid can be produced by 
injection of thyreotropic hormone in these patients. The explana- 
tion is probably that the changes in the th}T.‘eoid gland in myx- 
edema are so marked that the gland is in great part converted into 
fibrous tissue, and on fibrous scar tissue no parenchyma will 
grow. (Nielsen (77).) Moreover, the usual finding in myxedema is 
an increased content of thyreotropic hormone in the blood. This 
fact speaks against the theory of insufficient secretion of thyreo- 
tropic hormone as the cause of ordinary myxedema in man. 
Neither have there been found any signs of pituitary diseases on 
post mortem examination of cases with myxedema. Most often 
the pituitary is completely normal. In some cases small baso- 
phile adenomas have been found, but it is not proved that they 
are of any pathological significance for the hypothyroidism. 

But still it is supposed that in certain cases diseases of the 
pituitary are able to cause hypothyreoidal conditions. A number 
of publications respecting myxedema in patients suffering from 
hypophyseal tumors have been issued (Leth Pedersen (78)). 
Transitional myxedema after trauma capitis (Jensen (79)) may also 
bo the result of functional disturbances of the pituitary. 

Snapper, Hunter et al. (80) have described a peculiar syndi’ome 
which they explain as a separate nosological unit, caused by 
pituitary disease. Characteristic for the syndrome is reduced 
basal metabolic rate, achylia, anemia, acrinia, hypogonadism and 
myelitic changes. They also saw excellent effects of a prepara- 
tion containing thjaeotropic anterior pituitary hormone. Some 
other authors, however, have denied that this syndrome has any 
connection with pituitary complaints and interpret it as being 
a peculiar form of spontaneous myxedema in adults, accompanied 
by anemia and assuming a pernicious character. The reason for the 
anterior pituitary extract having an effect should be its content 
of a certain amount of thyroxin. (Nielsen (77).) The question is 
not, however, settled, and the problems respecting the hypo- 
physeal myxedema are still open to discussion. 

The case which is to be discussed in the following pages will 
be of great interest as an illustration of the problems as to the 
pathogenesis of the diabetes raellitus and the hypothyreodism in 
man. 
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jection of 0.10 g of Myoral, pruritus appeared and the nest dar 
also exanthema, which in course of the following days spread out 
over the legs, trunk and the arms. Treatment with calcium i v 
and per os, combined with sodium thiosulphate i. v. had no effect' 
Then, on the third day after the exanthema had appeared we 
began to give BAL i. m. 1.7 ml {2.5 mg per kg body weight in 
10 per cent solution in peanut oil, containing 20 per cent benzyl 
benzoate) every fourth hour (7 times). Already after 2 injections 
the pruritus began to recede and after 6 injections the rash began 
to disappear. These injections were followed by two injections 
daily for a further nine days and during that period the rash 
entirely disappeared. The following course good. The patient 
discharged improved with very small remaining joint symptoms 
and capable for work a few wmeks later. 

The second case was a man of 52 years wuth a somewhat older 
rheumatoid arthritis (S. B,. 10/1 h., AST neg., Agglutination pos.), 
who received in all 0.25 g of Myoral. Four days after the last i. m. 
injection of 0.10 g there appeared pruritus and rash. Before that 
he had been subfebrile for three days and had had focal reactions 
in his affected joints. Also here the dermatitis spread during the 
next few days out over trunk and extremities. Treatment with 
calcium i. v. and per os, combined with sodium thiosulphate i. v. 
had no effect. Then, on the third day after the appearance of the 
dermatitis, we gave BAL i. m. 1.9 ml (2.5 mg per kg body weight 
in the same 10 per cent solution) and this dose was repeated every 
fourth hour until it had been given seven times. In this case the 
pruritus was not so hardly severe as in the first case hut ceased 
entirely first after the sixth injection had been given. The rash 
cleared up a little but not so much the first two days. Instead, 
we got a microscopic haematuria on the second day of BAL in- 
jections. Was it a reaction of the chxysotherapy or of the BAL? 
Or of the disease? We continued the BAL administiation but 
reduced it to one injection daily. On the seventh day after initi- 
ation of the BAL administration the rash had entirely disappeared 
and simultaneously also the microscopic haematuxim The tem- 
perature was normal after the first day of BAL administration. 
But the next day after finishing the BAL injections the rash and 
microscopic haematuria is coming back. We began again to give 
BAL i. m, in the same doses once per day during six days. During 
that period the rash and the microscopic haematuria again en 
tirely disappeared. The following course good. Also this patien 
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disolalged impioved with small temainiug symptoms and capable 

foT 'woik S’ fsw 'WBcks latsr.^ ■ • j. 

The injections were not painless. In all cases the patiens 

were troubled by the first injections and we got ^ 

gluteals, where the injections had been given. Aitw 10 12 hour , 

however, these troubles receded at every point. During the cure 
these troubles also diminished so that there was very little sue 
troubles at the end of it. 

As seen, we have had good results in these five cases. We have 
used original BAL, the same as that used by Cohen et al. (1947), 
Lockie et al. (1947) and Eagan and Boots (1947). 

It is encouraging that in BAD we have found a remedy, that 
seems to be of good effect in- these often serious gold reactions, 
and this BAL therapy deserves further trial. But we must not 
forget that BAL also has toxic effects, and caution is recom- 
mended in its use. 


Summary. 

At present in our anti-infectious therapy of rheumatoid arthritis 
the treatment noth gold salts plays the most important role. 

In the meantime before the proof in the clinic farther three cases of gold- 
dermatitis were treated with BAL. All three were cases of rhenmatoid arthritis. 
The first two of them had got Jlyoral (aurothiogluconate), the third Aurothiou 
(anrothiosnlphate). 

The first of these cases had got the last i. m. injection of 0.05 g ^Mroral on 
Ang. 9th. (totally 0.50 g), prnritns and rash appeared about Oct. loth, an interval 
of more than two mouths. In course of the following days exanthema spread ont 
over the legs, trank and the arras. Treatment with salves, calcium, sodium thio- 
sulphate i. V., had no effect. The exanthema exceeded to an exfoliative dermatitis. 
After one month in this state the patient was sent to the clinic Jan. 13th. BAL 
injections after scheme as in the first two cases were given 16th — 25tli. Alreadv 
some hours after the first BAL injection the praritns began to recede. After three 
days the rash cleared up and during the last days of BAL administration the rash 
entirely disappeared. The patient discharged Febr. 10th with nearly normal skin. 
The second of the cases had got the last i. m. injection of 0.05 g Myoral (totally 

0. 30 g) Febr. 11th Febr. 18th aphthae in the mouth and 20 per cent eosinophili 
in the white corpuscles. Febr. 25th exanthema on the trunk. March 19th dermatitis. 
She was sent to the clinic April 1st, received BAL injections immediately after 
the scheme. The second day the prnritns began to recede and after four days the 
rash began to disappear. At the end of the injections the skin had been totally 
normal. Microscopic haematuria during some days. 

In the third case the gold-injections bad been given on the clinic. She had got 

1 . V. injection of 2 ml anrothion April 30th and 4 ml May 4th. Four davs later 
exanthema, praritus and rask over trunk, the legs and the arms. Microscopic 
haematuria. Aext day real dermatitis with severe praritns. BAL administration 
was ^ven after the scheme. After some hours the pruritus had receded and the 
next day the rash began to disappear. April, the 12tb, the microscopic haematuria 

wasTtSSptS^ ^ administration 
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However, gold salts are not tlie ideal drug because they are toxic 
not all patients respond to them, and we often get recurrences 
after cessation of tbe cbrysotherapy. The toxic reactions, which 
appear quite irregularly and capriciously, are the biggest crux. 
But are they really toxic? 

Investigations of gold concentration in the plasma and urine 
during gold therapy in cases of rheumatoid arthritis with and 
without such reactions have indicated that there is no parallelism 
between these concentrations and the reactions in question. No 
statistically significant difference has been found, whether in the 
gold level of the plasma or in the excretion of gold in the urine, 
between the cases with and without »toxic)> reactions. The reac- 
tions seem rather to be an expression of hypersensitiveness of the 
organism towards gold than to be of real toxic origin. 

Therefore we have no means of avoiding them. They may come 
if we use small doses of gold and if we use larger ones. Those 
reactions following small doses, however, are usually less severe 
and of shorter duration. A well-balanced high vitamin diet is also 
of importance for avoiding a high per cent of such reactions. 

Treatment of the gold reactions has taken a good step forward 
with the BAL therapy. Five cases, in wliich BAL has been used 
with good effect in the treatment of gold reactions are reported. 
The intramuscular injections have given local pains and infiltra- 
tions but no other symptoms of BAi toxicity are observed. The 
BAL therapy deserves further trial. 
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The Effect ol* Tetraethylniniiioiiiuni Ion in 
Arteriosclerotic Heart Disease. 

By 

INGA LINDGREN and A. RUNE FRISK. 

{Suhniitted for imblicatioii December S, 1917.) 


In preliminar)' reports on the effect and clinical nsc of tetra- 
etlijdammoniuin ion Lyons and coworkers (3) state that among 
other types of visceral pain the pain in angina pectoris ami cor- 
onary thrombosis is also relieved. 

In order to evaluate the effect of tetraethylaininonium upoji 
pain in angina pectoris the following experijnents were carried 
out. 

Three carefully observed cases of proved angina jjectoris were 
given tctraetliylammonium bromide intravenously. These patients 
had previously been observed for a long time and were accustomed 
to various functional tests. .;Htcr a test dose of 5 mg/kg of body 
weight and if no side-reactions or pronounced fall in blood pres- 
sure occurred the dose was doubled. A liypoxemia test under the 
influence of the drug was performed in two of these cases. Furtlier 
details are given in the case-reports. 

Case 1. J. E. A. (St. Erik’s hospital Xo. 398/-i7), a fifty-ninc-vear- 
old male had angina pectoris of three years’ duration. Thc'attacks liad 
increased in severity and frequency and came on even after slight 
e.xertion. 

Physical examination revealed generalized arteriosclerosis and slight 
cardiac enlargement. The blood pressure was 185/125. The elocHo- 
car^ogiam showed normal rythm rate 75, left axis deviation, depre.'^sod 
S~T 2, 3, 4 and flattened T. Hypoxemia test, February, 0, 1917; 
I he patient breathed 10 per cent oxygen in 90 per cent nitrogen for 35 
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developed and the test was inter- 
rnptert. ike relative oxygen saturation of the arterial blood fell from 
ys per cent to 79 per cent. Blood pressure rose from 155/105 to 195/125 
According to Levy the test was positive with S— T changes in leads l' 
2 and 3. ’ 

Tetraethylammonium, 5 mg/kg of body weight or 370 mg intraven- 
ously, on February 26, produced a moderate drop in blood pressure, 
raised pulse rate, a disabling dyspnea and marked agitation. Simul- 
taneously metallic taste on the tongue, sensation of dryness in the 
mouth, prickling sensation and warmth in hands and feet, dilatation 
of pupils and loss of accommodation occurred. After 30 minutes the 
patient complained of precordial pain, which persisted some hours 
in spite of nitroglycerine and oxygen administration. There were no 
changes in the EKG. The patient had previously been given daily 
injections of aminophyliine and did not know he was given a new drug. 

In order to exclude the possibility of a spontaneous attack having 
coincided with the injection the same dose was repeated a week later. 
This time the patient complained of tachycardia, shortness of breath 
and tightness in the chest, but the discomfort was slighter this time. 
The blood pressure fell from 175/110 to 145/95 in two minutes, and the 
pulse rate rose from 76 to 100 during this period. Two days later 10 
mg/kg of body weight (740 mg) intravenously produced a drop in 
blood pressure from 160/105 to 115/80 and a rise in pulse rate from 
66 to 96 within four minutes and the same slight symptoms as after 
the smaller dose occurred. Except for tachycardia, there were no 
EKG changes. March 3, a hypoxemia test was performed, 5 minutes 
after the intravenous injection of 10 mg/kg of body weight of the 
drug. The blood pressure, which after injection had fallen from 175/110 
to 120/95, dropped to 100/70. The pulse rate, which after injection had 
risen from 76 to 96, in 10 minutes fell to 86. The relative oxygen satura- 
tion decreased from 96 per cent to 83 per cent. The test was finished 
after 20 minutes. The patient complained of some tightness in the chest 
and a severe headache. Oxygen given immediately afterwards raised 
the blood pressure to 150/110 in two minutes and the pulse rate fell 
to 66. The EKG showed T-wave inversion (positive T to negative T) 
in lead 1 five minutes after the injection. This effect on the EKG per- 
sisted for 45 minutes after the injection. During hypoxemia test there 
were no further EKG changes. Later T 1 rose again. 

During the night the patient had repeated attacks of precorclial 
pains with shortness of breadth. He had never before had nocturnal 
pain. 

Comment. 

In this case of severe angina an attack of precordial pain oc- 
curred after the first injection of tetraethylammonium. The same 
dose, 5 mg/kg of body weight, was later repeatedly given with 
less pronounced symptoms. When the dose of the drug was doub- 
led the subjective symptoms were about the same as after t e 
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smaller dose. With the laiger dose significant EKG changes, T- 
wave inversion, developed. Under the influence of the drug, 
however, the patient had no pain during 20 minutes of liypox- 
emia whereas hypoxemia af the same degree without previous 
injection of tetraethylammonium provoked pain after 15 minutes. 

Case 2. S. S. P. (St. Erik’s hospital No, 1125/U), a forty-six-year- 
old male had angina pectoris of 9 3 'cars’ duration. The patient was 
completely invalidized by attacks even at rest, especially during the 

Physical examination revealed obesit}’ and generalized arterioscle- 
rosis. The blood pressure ivas 140/90. EIvG- showed normal^rhythm, pulse 
rate 60, left axis deviation, depressed S — T ], 2, 4 and T 3, T 2, T 3, 
T 4 negative. . , . , 

Repeated hj'poxemia tests Februar}*, 26 and 27 induced t}'pic.al 
anginal attacks after 14 and 17 minutes, respectively with S — ^T changes 
in leads 1, 2, 3, 4. The relative oxygen saturation fell from 92 to 68 
per cent. Blood pressure dropped from 130/90 to 305/75, pulse rate 
rose from 64 to 85. 

Tetraethylammouiumbromide, 5 mg/kg of body Weight or 400 mg 
intravenously on Jlarcli 4 produced drop in blood pressure from 105/75 
to 90/65 and* rise in pulse rate from 68 to 98 within two miimte.s. Sim- 
ultaneously he got a severe headache, which subsided within one liour. 
Two hours after the injection the patient had a severe attack of anginal 
pain and headache. 

The following day a dose of lO'mg/kg of body weight of 810 mg 
produced a maximum drop in blood pressure from 119/75 to 80/05 
and a rise in pulse rate from 56 to 92 within three minutes. The patient 
got headaclie and a bursting sensation in the chest, but no anginal 
attack. The EIvG showed a less negative T 1 and normalized T 2."T1 ic 
follondng night the patient had no attacks of pain. 

Next day a hypoxemia test was performed 5 minutes after intraven- 
ous administration of 10 mg/kg of body weight of the drug. After 8 
minutes the patient suddenly became grayish-white and tlic pcriplicral 
pulse could bot be palpated. The oxj'gcn salnrntioii was then 66 per 
cent. The test Was immediately stopped and oxygen AVas given. After 
30 seconds the blood pressure AA'as 90/70 and tlic pulse rate 68 — 70. 
The patient had no pain. There rvcrc no sccjnclac from this sudden drop 
in blood pressure and pulse rate. 

_ This time T 1 was positive at the onset and became flattened after 
injection. During the hypoxemia no further EKG changes appeared. 

Comment. 

In tins case of severe angina the adiniuistration of 5 um/kf^ 
of body weight of tetraethylannnoiiiuin was followed two liours 
later by a severe anginal attack. With the double dose a burstiim 
sensation in the chest without pain occurred; tlio 33KG was noi^ 
— t82l7/y, Ada mcd. scamlhiav. Fo7. C.TX. 17 . 
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malized. A hypoxemia test under the influence of the drug pro- 
voked a severe collapse but no EKG changes. 

Oase 5. N. K. G. (St. Erik's hospital No. 473/47), a forty-three year 
old male with severe angina^ pectoris of three years’ duration with at- 
tacks even at rest. The patient had some relief from daily injections 
of aminophylline. 

Physical examination revealed marked arteriosclerosis for this age 
and slight cardiac enlargement. The blood pressure was 140/70. 

The EKG showed normal rh 5 i;hm, rate 75, left axis deviation, posi- 
tive T 1, T 2, T 4 and negative T 3. Chest leads normal. 

Tetraethylammonium, 5 mg/kg of body weight intravenously (420 
mg) on March 4 produced a rise in pulse rate from 68 to 108 and a’ slight 
rise in blood pressure from 120/90 to 135/100 within two minutes. The 
double dose next day was followed by a rise in pulse rate from 68 to 
116 and no changes in blood pressure (120/85). After 7 minutes the 
patient complained of severe pressure in the chest, the pulse rate was 
110 and the blood pressure 130/100. This discomfort increased rapidly 
and he had an extremely severe anginal attack with nausea. Ten 
minutes after the injection the pulse rate was 108 and blood pressure 
155/120. The attack subsided with oxygen and nitroglycerine treatment 
within 10 minutes but afterwards the patient felt very exhausted. 
Marked EKG changes occurred (fig. 1) with inversion of a positive 
T 1 and negative T 3 and S — ^T depression in leads 1 and 4. In spite of 
oxygen administration, pain and EKG changes persisted for 40 minutes 
after the injection. 


Comment. 

In this case of severe angina the administration of 10 mg/kg 
of body weight of tetraethylammonium provoked an extremely 
severe anginal attack with pronounced EKG changes. 


The following case shows that myocardial infarction can occur 
following administration of tetraetyhiammonium. 


A. S. M. (St. Erik’s hospital No. 1917/47), a sixty-seven-year-old 
female with slight hyperthyroidism and hypertension of at least one 
year’s duration. The patient had never had symptoms of angina pec- 
toris. Physical examination revelaed moderate arteriosclerosis and 
slight cardiac enlargement. The blood pressure 230/170 lowest, spon- 
taneous blood pressure Was 145/90 and the lowest pressme dunng an 
amytal test Was 125/90. There was grade 2 retinopathy. B. M. K. was 


^ Tetrae§xylammoninmbromide, 5 mg/kg of body (^10 mg) 

intravenously, produced a fall in blood pressure from 185/n6 to lou/ 
105 and a rise in pulse rate from 92 to 100 within one minute. No side- 
reactions occurred. 
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I 2, S* ]{, P. Sy.'itoli'c 1)loo<l prc^■^urc. D. B, P, r.-T Diastolic blood pressure, 

P* U. *— Pulse rrtte. 

1. IfitrrtvcrMiH itijcctiod of 10 of boily voiRlit (025 mg) of tetractliyl- 

nmnumiutn, 

2. I'.junpplirini' iiUmvi-iioitsly nnil inlramti.sciil.'iry, 
n. Oxyi^m n<Iministratiori. 


Aft<'C tho double do.'o lutruvtMiouply the blood pre.^sure dropped 
within five iniinite.^ from IbO/n.'i to 85/70 and .'■iniuUancoii.sly there was 
a full in pulse rate from 02 to 80. During the next 20 luimitcs the 
patient felt .‘•iclc and vomited. The blood pre.^sure varied l)etwcen 100/ 
SO and S5/S0 and the pulse rate declined to GO. Twenty-five minutes 
after tlie injection the jmtiont colln])SL'd. The peripheral pulse was not 
palpable. Kpiuephriiic intraimisculnry and intravenously as well as 
o.xygeii was admini.st rated and the patient was placed in Trendelen- 
burg ’.s ])osition. 'J'en ininutc.s later the pulse rate was 80 and the blood 
pressure 180/115. During the nc.xt five minutes, JO minutes after the 
administration of the drug the patient had severe prccordinl pain. 
Tills ])ain remained unchanged in sjntc of inoqiiiinc. During the next 
hour the blood pressure fell gradually to 120/80 and the pulse rate to 
GS. 35K(r showed posterior inyocardinl infarction. The patient had 
fever, over .'IS’ C, for about 17 days. Blood pressure during the next 
month was about MO/00. Stdi.seq'iicnt course lias been imovcntfnl. 
I'-ig. 2 sliow.s the behaviour of blood pressure and pulse rate after the 
administration of flic larger dose of (he drug in this case. 
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Comment. 

This case of hypertension showed a moderate drop in blood 
pressure and only a slight rise in the pulse rate when 5 nig/kg 
of body weight of tetraethylammonium was given intravenously. 
The double dose provoked a rapid fall in blood pressure and sim- 
ultaneously a fall in the pulse rate. Twenty-five minutes after 
the injection she collapsed and developed an acute myocardial 
infarction. 


Summary, 

The effect of the administration of tetraethylammonium in 
these cases of severe angina pectoris has been studied in detail. 
In addition, one case of myocardial infarction after injection of 
this drug is reported. In our experience, this drug can be danger- 
ous in angina pectoris and in hypertension in patients with marked 
generalized arteriosclerosis. The importance and necessity of 
great precaution in the administration of tetraethylammonium 
to such patients is ewdent. 
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On Serum Coiiper in Angina Simplex and in 
Infectious Mononucleosis. 

By 

SVEN MUNGH-PETERSEN.i 
(Snbmitted for publication December 8, 1947.) . 


During the "work with serum copper under normal and patho- 
logic conditions a striking difference was found between the values 
for patients with angina simplex (used as collective designation 
of different forms of more unspecific sore throat) and with in- 
fectious mononucleosis, the increase which occurs in these affec- 
tions being considerably larger in the latter than in the former. 
This appears clearly, when the average of the 2 first values, which 
are observed iu each case of illness is compared with a control 
material, as done below. I have failed to find a report of this 
phenomenon in the literature. 

Method and Cases. 

For the determination of serum copper was employed the modi- 
fication of the sodium diethylcarhamate method given by Levin 
Nielsen (1, 1944), this method being the most sensitive of the 
colorimetric methods indicated for copper. Serum was destroyed 
by wet ashing with concentrated acids and the iron hound by 
sodium pyrophosphate at alkaline reaction. The coloured com- 
pound which is formed by the addition of carbamate is extracted 
with isoamylalcohol. The colorimetric determination takes place 
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Probvt Carve 



t'valnes 

Fig. 1. 


in microcuvettes in a Pulfricli photometer. Duplicate determina- 
tions were carried out vdth a maximum difference of 10 %, the 
blank value from the reagents in each case being subtracted. 

The normal material, which has been plotted according to the 
probit method in Tig. 1, consists of 50 women and 50 men. The 
following values were found; average value for women 118 y % 
±2.2 %, standard deidation 0 = 15.7 (range 73 — 152 y %), 
average value for men: 108 y % ± 2.1 %, o = 15.2 (range 81 — IGd- 
y %). Levin Nielsen (2, lOdd) has found the following average 
values for 100 women and 30 men: women 123.15 y %, a = 1G.24; 
men 110.63 y %, or = 12.14. Both the material of Levin Nielsen 
and the author’s own material show, that there is a significant 
difference between the average values for women and men. There 
is good agreement between the two materials. Levin Nielsen’s 
blood samples have been drawn in the forenoon after breakfast. 
My samples were drawn in the morning from fasting persons. 


Per cent Male 
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The blood samples from my patients are, contrary to my own 
normal material, but on an analogy with Levin Nielsen’s drawn 
in the forenoon 1 — ’i hours after breakfast, the first one generally 
the day after admission. The first sample from patients with angina 
simplex was thus taken 2—4 days after the appearance of the first 
symptoms. The first blood sample from patients with infectious 
mononucleosis was taken on the 8th to 17th day after the be- 
ginning of the affection, the sore throat in this disease develop- 
ing more slowly, causing the patients to be hospitalized later. 

The investigation in this work comprises in all 32 patients, 
29 from the Medical-epidemic Department of Aarhus Marselis- 
borg Hospital and 3- from the Medical Department of Aarhus 
County Hospital. It consists of 16 women and 6 men with angina 
simplex and of 3 women and 7 men with infectious mononucleosis. 
In none of these patients any affection or complication was found 
which might be supposed to influence the serum copper. The 
essential treatment has been confinement to bed. 

From the material were excluded 4 patients on whom only one 
examination was carried out. In addition 2 children aged 11 and 
12 with infectious mononucleosis were omitted, the average of 
serum copper in normal children in this age group being some- 
what higher than in adults. In 8 normal children aged 11 I thus 
found an average of 152 y %±1.4 % (range 131 — 166) and in 
11 normal children aged 12 correspondingly 134 y % ± 17.5 % 
(range 107—169). On the other hand, serum copper values from 14 
years and upwards seem to lie at the same level as in adults. In 
4 normal children aged 14 the average of serum copper was for 
instance 118 y % ± 22.2 % (range 99 — 145). 

Almost all the patients had distinct symptoms of throat in- 
flammation at admission. BunneTs reaction was not performed on 
patients with angina simplex, this test only being carried out 
when the differential blood count had given suspicion of infec- 
tious mononucleosis. In 2 cases of infectious mononucleosis the 
reaction was not performed, and in one case it was negative in 
spite of the blood picture being typical of infectious mononucle- 
osis. 

Simultaneously with the drawing of blood samples for serum 
copper determination, the blood picture and blood sedimentation 
rate were examined. 
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Results. 

The results of copper analyses, differential blood count, blood 
sedimentation rate, Bunnel’s reaction, the temperature measured 
on the morning of the day of examination, and the day since the 
beginning of the illness are to be found in Table 1. {As previously 
mentioned the material consists of 22 cases with angina simplex 
and 10 cases with infections mononucleosis.) 

It appears directly from the serum copper values given for 
patients with angina simplex as well as infectious mononucleosis 
that an increase occurs early in the illness, this increase often 
being accentuated from the first to the second value, after which 
the serum copper gradually returns to the normal level. 

As an expression of serum copper in an early stage of the ill- 
ness it was therefore determined to use the average of the twm 
first values. This was chosen although the highest value in a few 
cases is not included in the mean. 

It is seen from Table 2, that the i means for patients with 
throat diseases are considerably enhanced compared with the 
average values of the normal material. In a normal material it 
is reasonable to assume that there will only quite exceptionally 
be values whose deviation from the average exceeds twice the stan- 
dard deviation, which may be put at 15 in this case. All the aver- 
ages found for patients, men and women respectively, with angina 
simplex and infectious mononucleosis are enhanced over the aver- 
age values to such an extent that a statistically certain elevation 
may be assumed. 

Besides, it appears from Tables 1 and 2 that a larger eleva- 
tion has occurred in cases with infectious mononucleosis than in 
cases with angina simplex. Although the material only comprises 
3 women with infectious mononucleosis it is . seen, that the differ- 
ence between the average values of these patients and the women 
with angina simplex amounts to a little more than twice the error 
of the difference; this agrees, with the 95 percent limit according 
to Student’s distribution. In the case of the men the difference 
between the averages is distinctly significant. 

^ As mentioned above the blood samples from cases with infec- 
tious mononucleosis have been taken somewhat later in the ill- 
ness. This however, does not play a role when comparing the two 
diseases, as it is seen from Table 1, that the highest value of serum 
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Sex. 

o 

&0 

<5 

Diagnosis 

1 

ft 

S. R. 

mm/1 
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Count. 

|B 

Temp. 

°C 
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cells 



1 

Female 

32 

Angina simplex 

9' 

43 

m 

22 

39.7 

146 

» 

0 

0 

0 0 

12 

75 

it Kit i 

27 

37.6 

159 

2 

Female 

22 

Angina simplex 

4 

58 

HIIM i 

22 

38.7 

179 

D 

0 

0 

0 0 

7 

42 

1 

32 

36.3 

200 

» 

0 

0 

0 0 

11 

21 

KgUt 

36 

36.4 

143 

3 

Female 

33 

Angina' plilegmonosa 

6 


1 

16 

39.7 

161 

i> 

0 

0 

0 0 

8 


8 960^ 


37.8 

194 

4 

Female 

24 

Angina simplex 

4 

25 

9 920' 

32 

37.8 

153 


0 

0 

0 0 

8 

18 


— 


168 

& 

0 

0 

0 0 

11 

15 

s i| 

37 

37.0 

160 

5 

Female 

31 

Angina simplex. 

4 

57 

iMiSi! 

33 

38.6 

156 

0 

0 

0 

0 0 

9 


8 880 

25 

37.2 

184 


0 

» 

0 0 

12 

5G 

E III 

45 

36.0 

180 


0 

0 

0 0 

m 

15 

K 11 i 

42 

^Q3| 

137 

0 

0 

0 

0 0 

44 

5 

K ;li 
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6 
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19 

Angina simplex 

2! 15 

R : i i 

24 

38.2 
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0 

0 

0 

0 0 

5 
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36.0 

147 

0 

0 

0 
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8 

6 

R sii 

41 

36.4 

128 


0 

0 
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18i G 
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l{SS3| 
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7 

Female 

36 

Angina plilegmonosa 

4 

92 


27 

39.1 

175 

» 

0 

0 

0 0 

7 

Go 

9 7G0 

31 

37.2 

185 

» 

0 

0 

0 0 

IS 

51 

Rlflt i 

27 

36.7 

184 

6 

0 

0 

0 0 

16 


Ettfe i 


36.8 

149 

0 

0 

0 

0 0 


i 

42 


146 

0 

0 

0 

0 0 

32,. 17 

Riiiti 

36 

WjlWM 
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8 
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41 

Angina simplex 

15i 25 

- 

28 

39.5 
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0 

0 

0 

0 0 

g 1 

! 12 

^^niTi 

24 

36.7 

161 

0 

0 

0 

0 0 

|3 

23 
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19 
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0 

0 

0 

0 0 

35 15 


28 


143 

9 

0 
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0 

52 

0 

Angina plilegmonosa 

0 0 


El 

21 

29 

38.3 

37.2 

205 
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0 

0 

0 

0 0 

22 

' 83 


38 
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0 

0 

0 

0 0 

27' 59 

Ritiii 

34 


149 

10 

0 

Female 

0 

19 

0 

Angina simplex 

0 0 

4; 55 

7! 24 


37.2 

37.1 

161 

137 

0 

0 

0 

0 0 


G 200! - 


149 

0 

0 

0 

0 0 

22 

i 15 

5 6001 31 


119 

11 

Female 

f. 

45 

ts 

Angina simplex 

A A 

2 

5 

1 34 
i 22 

15 7601 - 
6 800' 46 

37.3 

36.3 

128 

137 

0 

iv 

u 

0 

If 

0 0 

12 

9 

6 800 

38 

(amb) 

124 

v 

0 

0 

0 

0 0 

1^ 

17 

6 400 

32 

(amb) 

112 

12 

Female 

38 

Angina simplex 

w 0 


68 

25 

8 000 
6 800 

32 

26 

37.3 

37.0 

192 

166 

0 

0 

» 

0 

0 

0 

tf M 

0 0 

0 0 

12 

18 

50 

43 

8 200 
6 600 

18 

29 

36.7 

(amb) 

178 

153 

0 


A 

0 0 

25 

19 

3 840 

43 

(amb) 

157 

0 

<v 

0 

V 

0 

0 0 

39 

11 

5 200 

30 

(amb) 

135 

nrto 

v 

13 

Female 

15 

A 

Angina simplex 

A 0 

I 

3 

10 

8 000 
6 400 

44 

37.5 

36.6 

208 

185 

0 

0 

V 

0 0 

13 

11 

5 200 

47 

(amb) 
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0 

0 

0 

0 

0 

0 0 

m 

5 

4 800 

48 

(amb) 
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Tnble 1. (Cent.) 



13 Female 15 Angina simplex 

14 Female 31 Angina simplex 

» »■ V> B B 

» » » B » 

15 Female 14 Angina phlcgmonosa 

B D B B B 

B B B B B 

16 Female 17 Angina simplex 

B B B' B B 


1 / « a B 

17 Male 41 Angina simplex 

B B B B B 

18 Male 21 Angina ulcerosa 

^ & D 0 

19 Slale 24 Angina simplex 

B B B B B 



20 Male 

» B 

21 Male 


B B 

22 Male 
8 8 

B B 

23 Female 


■'V t/ 

20 Angina phlegmonosa 

» B B 

20 Angina simplex 


19 Angina simplex 


Mononucl. infect. 
(+Bunncrs test) 


(amb) 

37.9 

36.5 

36.3 

38.G 

36.8 

36.0 

37.1 
36.3 

36.1 
(amb) 
(amb) 

38.2 

37.2 
-36.8 

36.3 

38.1 

37.2 
37.2 

37.1 
(amb) 
(amb) 

38.0 

37.0 

37.0 
36.7 

(amb) 

(amb) 

37.2 

36.0 
(ajnb) 
36.0 


24 Female 


25 Female I 


26 Male 


I If 

I Mononucl. infect. 
1 (+Bunnel’s test) 

B B 

» B 

Mononucl. infect. 
(+Bunnors test) 


Mononucl. infect. 
(Bunnel’s test: not 
performed) 



4 

lOl 25 


14 20 
25 7 


I 36.8 
(amb) 

38.7 

37.8 

37.2 
36.7 
(amb) 
(amb) 

38.3 


36.0 

(amb) 
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o 

to 

Diagnosis 

1 

S. B. 
mmjl 


Per cent 
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■1 





A 

hour 

Count. 
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°C 

SB 

_ . 







cells 



27 

Male 

30 

Mononucl. infect. 
Bunnel’s test: neg- 
ative, not repeated) 

28 

10 

10360 

56 

37.7 

201 

D 

ft 

ft 

ft ft 

31 

13 

8 760 

51 

37.3 

204 

» 

ft 

ft 

ft ft 

34 

8 

8 680 

40 

36.9 

185 

ft 

ft 

ft 

ft ft 

41 

7 

8 560 

53 

(amb) 

170 

ft 

ft 

ft 

ft ft 

58 

— 

4000 

40 

(ambj 

152 

» 

28 

ft 

Male 

ft 

23 

h » 

jMononucl. infect. 
{-f-Bunnel’s test) 

68 

10 

50 

11040 

51 

(amb) 

39.4 

124 

226 

ft 

ft 

ft 

0 ft 

14 

40 

7 880 

55 

36.7 

214 

ft 

ft 

ft 

ft ft 

17 

50 

8 720 

46 

37.0 

176 

ft 

6 

ft 

ft ft 

27 

28 

5 600 

30 

(amb) 

151 

29 

Male 

14 

Mononucl. infect. 
(-pBnnnel’s test) 

11 

16 

10 640 

87 

38.6 

193 

ft 

ft 

ft 

ft ft 

14 

30 

12 800 

68 

37.4 

199 

ft 

ft 

ft 

ft ft 

17 

16 

7 240 

79 

36.7 

191 

30 

Male 

19 

Itlononucl. infect. 

12 

11 

15 760 

63 

38.0 

177 




(Bunnel’s test: not 
performed) 


19 

14 520 




ft 

ft 

ft 

ft ft 

14 

76 

37.4 

196 


ft 

ft 

ft ft 

26 

6 

5200 

53 

(amb) 

156 

i ft 

ft 

ft 

» » 

40 

4 

4120 

43 

(amb) 

136 

■31 

Jlale 

19 

Mononucl. infect. 

(-f- Bunnel’s test) 

15 

18 

10 840 

7 880 

57 

38.4 

168 


ft 

ft 

ft ft 

18 

7 

86 

36.6 

178 


ft 

ft 

ft ft 

22 

6 

6 280 

75 

36.6 

142 


ft 

ft 

ft ft 

36 

2 

4 840 

33 

(amb) 

146 


ft 

» 

ft ft 

44 

4 

6 200 

48 

(amb) 

121 

32 

Male 

23 

jMononucl. infect. 
(-pBunnel’s test) 

5 

32 

13 400 

50 

38.4 

36.9 

190 

175 


ft 

ft 

ft ft 

8 

8 

7 200 

58 

ft 

0 

ft 

ft ft 

15 

7 

7 660 

69 

(amb) 

171 

» 

ft 

ft 

ft 0 

22 

4 

9 840 

66 

(amb) 

162 


ft 

» 

0 ft 

31 

5 

6 480 

47 

(amb) 

123 


copper (generally in connection with the second blood sample) 
is almost always included in the average values which form the 
basis of the judgment. 

The blood sedimentation rate is somewhat higher in angina 
simplex than in infectious mononucleosis, in agreement with pre- 
vious findings. The serum copper values conversely axe greater 
in the last mentioned affection. In one and the same patient 
the serum copper and blood sedimentation rate are diminished as 
the illness proceeds, but in general it is not possible to establish 
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TnWo 2. 

Serum Copper Values in Normal Humans and. in Paiients with 

Throat Diseases. 



Female 

3fnlo 

Normal subjects 

number 

aver. Amluo 

range 

50 

1194:15.7 

73-152 

50 

108il5.2 

81-164 

Subjects with angina 
simplex 

number 

aver, value ....... 

range .... * 

dov.from aver, value 

IG 

1GS4:21.0 

133-202 

-b49 

G 

151±7.I 

139-159 

-i-43 

Subjects with infec- 
tious mononucle- 
osis 

number 

aver, value 

range 

dcY.from aver, value 

1 

3 

20Gi55.o 

170-2G9 

-}-S7 

7 

1904-18.0 

1G5-220 

+82 


a closet relation between serum copper and sedimentation rate 
on tbe basis of the present material. In a few cases tlic sedimen- 
tation rate, however, follows tbe increase in scrum copper from 
the first to tbe second blood sample. No relationsbi 25 was found 
between serum copper and morning temperature, nor between 
serum copper and leukocjdc count. 

In a few of the patients with angina simplex and infectious 
mononucleosis during tbe whole course of tlic illness, simultane- 
ously with serum copper determinations analyses for copper were 
performed on the coagulum remaining in tlie glass after vigorous 
centrifuging and complete pipetting off of the serum. In this 
way one has been able to judge the cojiper content of the red 

the blood coagulum were all, independently of tlie serum cornier 
values, around 100 y %, whicli is only slightly liifrbcr than in nor 

serum. Holmberg (3°i941)7f ''' 

B (Oj 1941) has related augmented vnbie«; 

“srrja si 

Af ° ° copper content of the serum 

seruJ oorort’r^f ”>«'<=>«>= o£ 

It must be emphasized “'lections inonomjclcosis. 

.nononucleosi “f ^ ^ infections 

'cir large, as large as the maximnm ineroase 
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demonstrated in any illness. TMs lias apparently not been re- 
ported previously. Only in exudative progressive forms of tu- 
berculosis of tbe lungs and in polyartbritis (Heilmeyer (4) and 
Van Eavesteijn (5)) an elevation of tbe same order of magnitude 
bas been observed. 


Summary. 

Investigations of serum copper in 22 patients -witb angina 
simplex and 10 patients witb infectious mononucleosis showed an 
increase of serum copper in both groups. Tbe increase wbicb oc- 
curs is considerably larger in tbe latter than in tbe former. 

I am indebted to tbe »Nordisk Insulinfond» for a grant received 
in aid of my work on serum copper. 
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On Auriculav Fibrillation and lUoclCj in 
Connection ivitli a Recent Case. 

By 

GOSTA BJORKENHEIM.' 

(Submitted for pnlilication January l-l, lOlS.) 


In cases ol auricular fibrillation, a certain functional block of 
the axiriculo-vcntricvilar conduction is usually prc.scnt: only fexv 
of impulses reach the ventricles outside the refractory jxeriod, 
and the ventricles beat irregularly. If a real auriculo-vcntricular 
dissociation appears, the case is entirely different. In experiments 
published in 1904 Frddericq provoked anricular fibrillnlion trith 
irregular ventricular rh}'thm on the exposed heart of a dog, by 
means o' faradaic irritation. "When the nuriculo-ventriculnr bundle 
was cut oil or squeezed in a tourniquet, the vcntrictilnr rhythm 
became regular, while the auricles still fibrillated. Complete auric- 
nlo-ventricular block in the presence of auricular fibrillation, 
i. c. regular ventricular rh}*thm, Avas clinically observed for the 
first time by Kahn and jMiinzer, Avliile Lewis and Mack were the 
first to describe a case of auriculo-ventricnlnr block with .super- 
vening fibrillation. Since then, ser^eral nutlvors have payed atten- 
tion to this phenomenon (among others Wcnckcbacli and Wint er- 
berg, Scherf and Boyd, Rasmussen). While fibrillation and com- 
plete auriculo-ventriculnr block seem to combine quite frequcutlj*, 
flutter Avitb complete block is very rare. In Scandinavian medical 
literature, a paper by Thorborg quotes 31 published cases of this 
kind, to which he adds 3 out of liis own experience. Further, he 
describes 4 cases of fibrillation Avith complete auriculo-A’’cntriculnr 
block. 


' Sandviksknjen 11 A, llelsingfora. 
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In cases of bundle branch block, auricular fibrillation is appar- 
ently rather frequent. Yater has edited a collocation of published 
cases from various authors, wi^ere fibrillation appears iu 114 
cases among 829 bundle branch block patients (14 %). Muller 
has found a family where the father and 3 of his children, aged 
28—42, showed symptoms of mitral disease with fibrillation, 
bundle branch block and irregular ventricular rhythm. In most 
of Thorborg’s cases as well, the electrocardiogram showed signs of 
disturbance of the intra-ventricular conduction. 

At Maria Hospital, a patient with auricular fibrillation and 
block has been treated recently, and I shall now give a short 
account of the course of her disease. (>She has also received treat- 
ment at the Stengard Hospital, head Prof. P. Soisalo.) 

Pat. E. R. clerk, b. 1891. Father and several paternal 'relations 
dead before the age of 50, from heart disease. In childhood diphtheria, 
scarlatina, etc., without complications. Frequent soreness of throat, 
no serious angina, no disease of the joints. Sometimes migraine-like 
headache. At the age of 18, goitre was established. No diseases of the 
lungs; husband died of tub. pulm. Menses normal. 4 children, one 
miscarriage. No signs of venereal infection. Because of weariness, 
thinness and occasional irregularities of the heart functions, she had 
a months hospital treatment in 1933. Thyroid gland slightly enlarged, 
traces of tremor. Basal metabolism -f 16 % (?). Lungs normal, with 
the exception of a calcareus shadow in the right hilus. She harboured 
a fish tapeworm that was expelled by fibcin. ESR 24/54. Heart size 
ordinary, arcus aortae slightly prominent. Singing systolic murmur at 
the apex, P II accentuated (?). Blood pressure 145/90. Pulse occasion- 
ally irregular, 48 — 70/min. Electrocardiogram; Rhythm slightly ir- 
regular 64/min. Ventricular extrasystoles. P low, PQ 0.3 1 ", QES- 
complexes normal. S — T iso-electric and T positive in all leads. She 
was treated with sedatives, discharged as improved with the diag- 
nosis Myodegen. cordis. In 1936, another month in hospital for 
similar troubles. Small knob iu the thyroid gland. Basal metabolism 
policlinically + 23 %, in hospital + 6 %. Coli bacteria in the urine, 
subfebrile. Slight left enlargement of the heart, retrocardial space 
moderately narrowed. Systolic mnimur, ictus heaving. Aiteria 
radialis normal. Pulse irregular and uneven, frequency 50— 88/min. 
Blood pressure 150/100. Diagnosis Struma nodosa. Pyelitis ac. In 
1942 she asked medical advice for tiredness and thinning: high 
pressure and sparse pulse were established. In January 1943, she had 
an attack (Adams-Stokes’ ?) and was taken into hospital for ^couple 
of months. On arriving, somewhat exhausted, no oedemas. Thyroid 
gland ordinary. Eyes ordinary. Heart size ordmary,_ tones^ dull, sys- 
tolic murmur at the aorta. Pulse irregular, 26 64/min, mamly be ow 

50. Blood pressure 150/90. Electrocardiogram: Rhythm irregular, 
about 40/min. No P-waves, QRS-complexes low, < O.io . S— i iso- 
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electric and T positive in all loads, lleocivi'd sedatives aitd stinmlants, 
and tvas also lrc'ato<l for nncina and ]iolyartliritis oretirrinu; <lnrint; 
her stay in liosjiital. Diagnosis Myodegeti. cordis. After diseliarging 
back to work. Later oti. difficulty in breathing, swollen lei:s. no 
palpitation of the heart, nor pain in the chest. In addition jwolap.xtt.s 
of the genitals. In Sjwing 1917, again one month in hospital. 'I hyroid 
gland ordinary, moderate anaemia. Slight pulmonary conge.«tion. 
Liver edge 3 fingerbreadths below costal bow. Arteri.’i railialis straight, 
firm, ])ulse regular 32 — 70/min. Blood pressure 1.30/70, later 13r>'90. 
Heart considerably enlarged to right- atid left, ri-trorardial space 
moderatelj' narrowed, .\ortii large, aortic knob prominent. Tones 
dull, no sonorousness, strong sy.stolic murmur all over the heart. 
Electrocardiogram (fig. 1): Bhythm regular, about. .3tt/min. No 
P-waves, QBS-complexos broad (tbi'."), sj)lit, greatest deviation 
positive in I and negative in remaining leads. — T lowered in I, 
iso-electric in 11, raised in III and precordial leads. T ])ositive in all 
leads. The patient was treated with coffeine and ft'rrum. Oedemas 
vanished, liver size diminished. Discharged as improved, with the 
diagnosis Insuff. valv. mitralis. Fibrillatio at riorum. Bundle branch 
block. Anemia simplex. 

In a iniddlc-ngod woman with indefinite .sym]dom.s of livper- 
t.hyreosis, a first degree lictirt block is found. Subserpientlv, auricu- 
lar fibrillation with remarkably .slow rlnilim i.s developed. After 
this, the heart is greatly enlarged, the sparse and irr('gular jnilse 
becomes rcgidar. The electrocardiogram .shows ventricular coin- 
38 — 'iS9.11'i. .'Ictn KcniitfiiKir. Vnl.VXXXJ. 
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plexes typical of left bundle branch block. Simultanenosly, symp- 
toms of a slight circulatory failure appear but dimmish witho4 
digitalis treatment. The development indicates that the auriculo- 
ventricular block is successively aggravated. 

As mentioned above, the combination of auricular fibrillation 
and block is described by several authors and is surely quite 
frequent, fibrillation as well as block being usual symptoms of 
heart diseases. Aetiologically, these combined cases are divided 
by Thorborg into two groups: 1. Spontaneous cases, where the 
heart disease in question leads to auricular fibrillation as well 
as to block, and 2. Cases, caused by medicines. In two of Thor- 
borg’s cases, digitalis treatment of auricular fibrillation led to 
complete auriculo-ventricular block, which vanished when the 
digitalis medication ceased. 

The diagnosis may be made by observing how the irregular 
rhythm of the auricular fibrillation grows even and slow. As a 
rule, a definite diagnosis is only electrocardiographically obtained. 
“Wlien auricular fibrillation combines with bundle branch block, 
the ventricular rhythm is not always regular, in Mullers 4 cases 
arrhythmia was established. In my case, it might be supposed 
that the auriculo-ventricular block has become complete and is 
thus responsible for the regular rhythm. Then, the new automatic 
centre should be situated in one of the branches, probably the right 
one. It might also be imagined that the centre is in the unbranched 
bundle of His, below the block, and that actually a left side re- 
tardation co-incides. During the four years that have elapsed since 
the latest electrocardiogram showing normal ventricular complexes 
was taken, also the considerable enlargement of the heart has 
occurred. 

According to Wenckebach and Winterberg, it is of little im- 
portance to the heart functions if auricular fibrillation is com- 
plicated by complete block. Consequently, the therapy ought to 
be the same as in uncomplicated cases. Digitalis treatment of 
these patients is of course not contra-indicated, except in cases 
where digitalis has caused the complete block. Gager describes 
a case where digitalis therapy had no effect, while after quinidine 
treatment the block vanished and sinus rhythm appeared. In 
connection with a case published by Kerr and Bender, de Boer 
warns against quinidine therapy in this state as easily leading 
to ventricular fibrillation. 
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Siiniraary. 

Report of a case where, in a inidclle-ngcd woman, occur.s a 
first degree anrieulo-ventriculnr block, subsequently nuriciilar 
fibrillation, and finally regular bradycardia with elect rocardiogram 
typical of bundle branch block. AVhen auricular fibrillation 
combines with bundle branch block, the fibrillatory arrht'tinia 
may continue, and it is suggested that in this case a complete 
amiculo-ventricular block should have developed, to which the 
regular rhythm might be attributed. Pinally, a .short .stirvc}’ is 
given of the literature dealing with the combination of auricular 
fibrillation and block, classification and treatment of this state. 
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Sur la differentiation des serums icteriqnes 
neoplasi(iues et non neoplasiques. 

Par 

Dr. VINCENT MDTOLO.' 

(Ce travail est parvenu a la redaction le 21 Janvier 1948.) 


Dans le cours de reclierclies systemafciques poursuivies par 
notre ecole sur les serums neoplasiques (1), on a etudie im simple 
procdde qui nous rend possible de reconnaitre aisement, parmi 
les serums icteriques, ceux des sujets porteurs de n4oplasmes 
malins. 

En voici la technique: 

On melange, dans une dprouvette de 75 mm de longueur et 10 de 
diametre, 1 cc do serum avec 2 d’ ether sulfurique; apres I’avoir 
bouchee avec bouchon de liege, on lui imprime une centaine de 
monvements de haut en bas. Si le malado dont on examine le serum 
est porteur d’un neoplasmc malin, I’ether, qui se separe spontanemeut 
apres un court delai, est de couleur jaune. Tres souvent on pent re- 
connaitre de suite cette couleur: cependant il est preferable lepeter 
la lecture apres deux heurcs. 

L’application pratique de la methode a donne, dans grand nom- 
bre de cas, des indications diagnostiques decisives. 

D’Alessandro et Indovina (2), ont observe et decrit un cas 
dans lequel Fepreuve de I’ether a 4te fausseinent positive, tout 
en 6tant la malade exemple de tout neoplasme: il s’agissait d’une 
femme enceinte de 9 mois, icterique. Cependant, aprfe I’ac- 
couchement, perdurant I’dtat icterique, la recherche, repetee, 
donna, cette seconde fois, un resultat negatif. On doit penser 
evidemment qu’on se trouvait en presence d’un cas complexe de 
positivite passagere, due a I’interference de la grossesse sur I’ictere, 
et qu’il faut considerer negatif. 

^ Via Villa Florio 87, Palerme (Italie). 
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La valeur pratique do la rdaction a 6t6 pleinement confirmee 
par Albers et lilcrten (3). Ces AA. eurent des xcsultats constam- 
meiit ndgatifs par 18 serums dc malades ictcriques non cancdrcux 
et positifs par 20 s6rnms neoplasiqucs sur 22 examines; Jes 2 
negatifs dtaient lespectivcment un cancer do la tote du pancreas 
et un cancer do I’literus avec metastascs liepatiques. 

Dans les dcrnicres annecs j’ai imatiqud dans notre Institut 
r4preuve do Tetbcr sur 121 sdruins ict6riqucs, dont 22 ncoplasi- 
ques. Les r6sultats sont rapportes dans les tableaux suivants. 


Tableau 1. 


Diagnostic 

noinbre des I^prcuvo dc 
observations | rether i 


16 

I 

nrgAtl'f 1 
ni-eatif ( 


1 


37 

negatif i 
n^gatif j 
negatif ' 
negat if > 
negatif 
negatif | 


0 


13 


15 


11 

iotiro liemolj-tiqiio 

4 


Tableau 2. 


u 

prot, 


diagnostic 


6pre«vc j 

dclV-tbcr 


observations 


3 

4 
14 
IG 
32 
38 
bl 
02 
53 
56 
GO 
63 
68 

74 

75 

50 

51 
82 
93 

101 

107 

112 


cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 

cancer 


du foie 

do la vfaicule biliniro 


I 


do I’ampoulo dc Vntcrj 

do I’cstomac 

do la tuto du pancreas 

du foio 

du soil! 

do I’ampoulc dc Vatcr 

du sein 

du foio 

do I’ampoulo do Valor 

do I’cstomac 

du foio 

du foio 

do I’ampoulo do Vat or 

du foio 

du foio 

do I’nmpoulo do Valcr| 

do I’cstoinac 

du foio 

do I’ampoulo do Vatcr 


posit if ! exploration cbirurgicnlo 
posit if j opomfion 
I operation 

positif ! exploration chirurgicalo 
positif j ni^tnstnso In’patiqne 
positif exploration cliirurgicnle 
positif exploration cbinirgicale 
positif I nietasfasc liepatique 
positif j operation 
positif j nictnstaso liepatique 
positif j diagnostic cliniquo 
positif • operation 
positif jnetastase lu'patiquo 
positif exploration cliirnrgiralo 
positif exploration chirurgicale 
Iiosilif operation 

positif diagnostic clinique 

positif diagnostic cliniquo 

positif operation 

positif luetastaso Iiopatiqno 

positif diagnostic rliniqiie 

positif operation 
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Tableau 3. 



D’Alcs- 

sandro 

Indovina 

Albers 

Merten 

Nos Gas 

Totals 

Pourcentage 

Vba 

03 

O 

Of 

bo 

'*■ 0 ) 

d 

positif 

to 

d 

positif 

id 

bo 

d 

positif 

id 

a 

to 

d 

positif 

negatif 

neoplasiques 

non. neoplasiques . 

— 

1 

20 

2 

18 

22 

99 

42 

2 

118 

95.40 % 
0 % 

4.54 % 
100 o/„ 


De I’examen de la 3:me tabelle, ou nous prenons en considera- 
tion tons les cas dans lesquels a ete pratique I’epreuve de I’etber 
et desquels on connait les resultats, on pent conclure que la reac- 
tion a donne constamment des reponses negatives pour les serums 
provenant de malades ict^riques mais non cancereux, et positives 
dans le 95.46 % des cancereux. 

On pent done affirmer que, si Ton excepte des cas assez rares, 
cette epreuve est un moyen apte a etablir avec certitude si un 
serum ict&ique appartient a un malade porteur d’une neoplasie 
maligne. 


Summary. 

The etber test for diagnosis of cancer in jaundiced patients 
(traction of bilirubin from the sera) is studied. 

Sera from patients "witb malignant neoplasm give 100 % of 
positive results. 

Other human sera, tested by the same technique, are uniformly 
negative. 
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